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CONSTITUTION OF THE ASSOCIATION.^ 



OBJECTS. 

The Association shall be called <^Tbe American Associa- 
tion for the Advancement of Science." The objects of the 
Association are, by periodical and migratory meetings, to pro- 
mote^ intercourse between those who are cultivating science in 
different parts of the U^iited States ; to give a stronger and 
more general impulse, and a more systematic direction, to sci- 
entific research in our country ; arid to procure for the labors 
of scientific men increased facilities and a wider usefulness. 

MEMBERS. 

Rule 1. Members of scientific societies or learned bodies 
having in view any of the objects of this Association, and 
publishing transactions, shall be considered members on sub- 
scribing these rules. 

Rule 2. Collegiate professors, also civil engineers and archi-* 
tects who have been employed in the construction or superin- 
tendence of public works, may become members on subscribing 
these rules. * 

Rule 3. Persons not embraced in the above provisions may 
become members of the Association upon recommendation in 
writing by two members, nomination by the Standiijg Com- 
mittee^ and election by a* majority of the members present. 



1 Adot)ted August 26, 1866, and ordered to go into effeot at the opening of the 
Montreal Meeting. 
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OFFICERS. 

Rule U. The officers of the Association shall be a Presi-' 
dent, Vice-President, General Secretary, Permanent Secretary, 
and Treasurer. The PresMent, Vice-President, General Sec- 
retary, and Treasurer, shall be elected at each meeting for the 
following one ; — the three first-named officers not to be re- 
eligible for the next two meetings, and the Treasurer to be 
reeligible as long as the Association may desire. The Perm8^ 
nent Secretary shall be elected at each second meeting, and 
also be reeligible as long as the Association may desire. 

MEETINGS. 

RuLfi 5. The Association shall meet, at such interval^ as it 
may determine, for one week or longer, — the time and place 
of each meeting being determined by a vote of the Associa- 
tion at the previous meeting; and the arrangements for it 
shall be intrusted to the officers and the Local Committee.* 

STANDING COMMITTEE. 

Rule 6. There shall be a Standing Committee, to consist 
of the President, Vice-President, Secretaries, and Treasurer of 
the Association, the officers of the preceding year, the perma- 
nent chairman of the Sectional Committees, after these shall' 
have been organized, and six members present from the Assor 
tjiation at large who shall have attended any of the previous 
meetings, to be elected upon open nomination by ballot on 
the first assembling of the Association. A majority of the 
whole nutnber of votes cast to elect. The General Secretary 
shall be Secretary of the Standing Committee. 

The duties of the Standing Committee shall be, — 

1. To assign papers to the respective sections. 

2. To arrange the scientific business of the general meet- 
ings, to suggest topics and arrange the programmes ibr the 
evening meetings. 
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S. To suggest to the Association the place and time of the 
* next meeting. 

4. To examine, and, if necessary, to exclude papers. 

5. To suggest to the Association subjects for scientific 
reports and researches. 

6. To appoint the Local Committee. 

7. To have the general direction of publications. 

8. To manage any other general business of the Associa- 
tion during the. session, and during the interval between it and 
the next meeting. 

9. In conjunction with four from each Section, to be elected 
by the Sections for the purpose, to make nominations of offi- 
cers of the Association for the following meeting.' 

10. To nominate persons for admission to membership. 

11. Before adjourning, to decide which papers, discussions, 
or other proceedings shall be published. ' 

SECTIONS. 

Rule 7. The Association shall be divided into two Sec- 
tions, and as many sub-Sections as may bo necessary for the 
scientific business, the manner of division to be determined by 
the Standing Committee of the Association. The two Secr 
tions may meet as one. 

• ■ • 

SECTIONAL OFFICERS AND COMMITTEES. 

Rule 8. On the first, asseinbling of the Section, the mem- 
bers shall elect upon open nomination a permanent chairman 
and secretary, also three other members, to constitute, with 
these officers, a Sectional Committee. 

The Section shall appoint, from day to day, a chairman to 
preside over its meetings. 

Rule 9. It shall be the duty of the Sectional Committee 
of each Section to arrange and direct the proceedings in their 
Section ; to ascertain what communications are offered ; to 
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assign the order in which these communications shall appear, 
and^the amount of time which each shall occupy. 

The Sectional Committees may likewise recommend sub- 
jects for systematic investigation by members willing to under- 
take the researches, and to present their results at the next 
meeting. 

The Sectional Committees may likewise recommend reports 
on particular topics and departments of science, to be drawn 
up as occasion permits, by competent persons, and presented 
at subsequent meetings. 

REPORTS OP PROCEEDINGS. 

Rule 10. Whenever practicable, the proceedings shall be 
reported by professional reporters or stenographers, whose 
reports are to be revised by the secretaries before they appear 
in print. 

PAPERS AND COMMUNICATIONS. 

RijpE 11. No paper shall be placed in the programme, un- 
less admitted by the Sectional Committee ; nor shall any be 
read, unless an abstract of it has been previously presented 
to the Secretary of the Section, who shall furnish to the chair- 
man the titles of papers of which abstracts have been received. 

Rule 12. The author of any paper or communication shall 
be at liberty to retain his right of property therein, provided he • 
declare such to be his wish before^ presenting it to the Associ- 
ation. 

Rule 13. Copies of all communications, made either to the 
General Association or to the Sections, must be furnished by 
the authors ; otherwise only the titles or abstracts shall appear 
in the published proceedings* 

Rule 14. All papers, either at the general or in the sec- 
tional meetings, shall be read, as far as practicable, in the 
order in which they are entered upon- the books of the Asso- 
ciation ; except that those which may be entered by a member 
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of the Standing Committee of the Association sliall be liable 
to postponement by the proper Sectional Committee. • 

Rule 15. If any communication be not ready at the as- 
signed^ time, it shall be dropped to the bottom of the list, and 
shall not^be entitled to take precedence of any subsequent 
communication. 

Rule 16. No exchanges shall be made between members 
without authority of the respective Sectional Committees. 

GENERAL AND EVENING MEETINGS. 

Rule 17. The Standing Committee shall appoint any gen- 
eral meeting which the objects and interests of the Associa- 
tion may call for, and the evenings shall, as a rule, be reserved 
for general meetings of the Association. 

These general meetings "tnay, when convened for that pur- 
pose, give their attention to any topics of science which would 
otherwise come before the Sections. 

It shall be a partjjof the business of these general meetings 
to receive the Address of the President of the last meeting ; 
to hear such reports on scientific subjects as, from their gen- 
eral importance and interests, the Standing Committee shall 
select ; ,also to receive from the chairmen of the Sections 
abstracts of the proceedings of their respective Sections; and 
to listen to communications and lectures explanatory of new 
and important discoveries and researches in science, and new 
inventions and processes in the arts. 

ORDER OP PROCEEDINGS IN ORGANIZING A MEETING. 

Rule 18. The Association sliall be called to order by the 
President of the preceding meeting, and this oflficer having 
resigned the chair to the Presidentelect, the General Secretary 
shall then report the number of papers relating to each depart- 
ment which have been registered, and the Association consider 
the most eligible distribution into Sections, when it shall pro- 
ceed to the election of the additional members of the Stand- 

VoL. XV. c 
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ing Committee in the manner before described ; the meeting 
shall then adjourn, and the Standing Committee, having 
divided the Association into Sections as directed, shall allot to 
each its place of meeting for the Session. The Sections shall 
then organize by electing their officers and their representa- 
tives in the Nominating Committee, and shall proceed to 
business. 

PERMANENT SECRETARY. 

Rule 19. Itshallbetheduty of the Permanent Secretary to* 
notify members who are in arrears, to provide the necessary 
stationery and suitable books for the list of members and titles 
of papers, minutes of the general and sectional meetings, and 
for other purposes indicated in the rules, and to execute such 
other duties as may be directed by the Standing Committee 
or by the Association, 

The Permanent Secretary shall make a report annually to 
the Standing Committee, at its first meeting, to be laid before 
the Association, of the business of which he has had charge 
since its last meeting. 

All members are particularly desired to forward to the 
Permanent Secretary, so as to be received before the day 
appointed for the Association to convene, complete titles of 
all the papers which they expect to present during its meeting, 
with an estimate of the time required for reading each, and 
such abstracts of their contents as may give a general idea of 
their nature. 

• Whenever the Permanent Secretary notices any error of 
fact or unnecessary repetition, or aliy other important defect 
in the papers communicated for publication in the proceedings 
of the Association, he is authorized to commit the same to 
the author, or to the proper sub-committee of the Standing ' 
Committee for correction. 
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LOCAL COMMITTEE. 

Rule 20. The Local Committee shall be appointed from 
among members residing at or near the place of meeting for 
the ensuing year ; and it shall be the duty of the Local Com- 
mittee, assisted by the officers, to make arrangements and the 
necessary announcements for the meeting. 

The Secretary of the Local Committee shall issue a circular 
in regard to the time and place of meetings, and other partic- 
ulars, at least one month before each meeting. 
ft 

SUBSCRIPTIONS. 

Rule 21. The amount of the subscription, at each meeting, 
of each member of the Association shall be two dollars, and 
one dollar in addition shall entitle him to a copy of the pro- 
ceedings of the annual meeting. These subscriptions shall be 
received by the Permanent Secretary, who shall pay them 
over, after the meeting, to the Treasurer. 

No person shall be considered a ndember of the Association 
until the subscription for the meeting at which he is elected 
has been paid. 

Rule 22. The names of all persons two years in arrears for 
annual dues shall be erased from the list of members ; pro- 
vided that two notices of indebtedness, at an interval of at 
least three months, shall have been previously given. 

ACCOUNTS. 

Rule 23. The accounts of the Association shall be audited 
annually, by auditors appointed at each meeting. 

ALTERATIONS OP THE CONSTITUTION. 

Rule 24. No article of this constitution shall be altered, or 
amended, or set aside, without the concurrence of three-fourths 
of the members present, and unless notice of the proposed 
change shall have been given at the preceding annual meet- 
ing. 



NoTB. — A proposition to alter Rule 21 of the Constitution, so that an additional 
initiation fee of fire dollars will be charged in addition to the annual a|ses8ment 
upon new members, was proposed at Buffalo, and will come up for action at the 
Burlington meeting. 
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it No appointment may be made in behalf of the Association, 
and no invitation given or accepted, except by vote of the Association 
or its Standing Committee. 

2. The General Secretary shall transmit to the Permanent Secre- 
tary for the files, within two weeks after the adjournment of every 
meeting, a record of the proceedings of the Association and the votes 
of the Standing Committee. He shall also daily, during the meetings, 
provide the chairmen of the two Sectional Comfhittees with lists of 
the papers assigned to their Sections by the Standing Committee. 

8. AH printing for the Association shall be superintended by the 
Permanent Secretary, who is authorized to employ a clerk for that 
especial purpose. 

4. The Permanent Secretary is authorized to put the proceedings 
of the meetings to press one month after the adjournment of the Asso- 
ciation. Papers which have not been received at that time may be 
piiblished only by title. No notice of articles not approved shall be 
taken in the published proceedings. 

5. The Permanent Chairmen of the Sections arq to be considered 
' their organs of communication with the Standing Committee. 
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6. It shall be the duty of the Secretaries of the two Sections to 
receive copies of the papers readnn their Sections, all sab-sections in- 
cluded, and to famish them to the Permanent Secretary at the close 
of the meeting. 

7. The Sectional Committees shall meet not later than 9 a. m. daily 
during the meetings of the Associati(»i, to arrange the pn^rammes of 
their respectlTe Sections, including all sub-sections, £>r the following 
day. No paper shall be placed upon these programmes which shall 
not haTe been assigned to the Section by the Standing Committee. 
The programmes are to be famished to the Permanent Secretary not 
later than 11 a. ic 

8. During the meetings of the Association the Standing Committee 
ehaU meet daily, Sundays excepted, at 9 a. x., and the Sections be 
called to order at 10 a. ic, unless otherwise ordered. The Standing 
Committee shall also meet on the evening preceding the first assem- 
bling of the Association at each annual meeting, to arrange for the 
business of the first day, and on this occasion three shall form a 
quorum. 

9. Assodate members may be admitted for one, two, or three years, 
as they shall choose at the time of admission, — to be elected in the 
same way as permanent members, and to pay the same dues. They 
shall have all the social and scientific privileges of members, without 
taking part in the business. 

10. No member may take part in the organization and business 
arrangement of both the Sections. 
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KoTE. — Names of deceased members are marked with an asterisk!*). The 
figare at the end of each name refers to the meeting at which the election took 
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PART I. 

A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 
I. ASTRONOMY AND METEOROLOGY. 

1. On the Physical Condition op the Sun's Subface, and 
THE Motion of the Solab Spots. By Prof. Elias 
LooMis, of New Haven, Conn. 

The object of this paper is briefly to describe the results which 
have been rendered probable by recent observations, and to state 
some conclusions which seem to me to flow from them. 

The researches of Kirchhoff have rendered it highly probable that 
the elements of which the sun is composed are, to a great extent, the 
same as those found upon the earth. The existence of iron, nickel, 
calcium, sodium, chromium, and magnesium, in the sun's atmosphere, 
is considered as proved. Now, the density of the sun is only one 
fourth that of the earth, while the force of gravit;f is twenty-eight 
times its force upon the surface of the earth. We cannot, then, sup- 
pose that any considerable part of the sun's mass is in the condition 
of a solid or even a liquid body. Moreover, the most refractory sub- 
stances, iron and nickel, exist upon the sun in the state of elastic 
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vapor. The temperature of the sun's surface is therefore extremely 
elevated ; far beyond the heat of terrestrial volcanoes. The move- 
ments of the solar spots indicate that the sun's mass is fluid to a great 
depth ; and we cannot suppose that the black nucleus of a solar spot 
is the obscure solid mass of the sun. 

It is possible that near the centre of the sun there may exist a portion 
which has been reduced to the liquid or even the solid condition ; but 
it is probable that the principal part of the sun's volume consists of 
matter in the gaseous or semi-gaseous condition. It is conceivable that 
under the immense pressure which exists upon the sun, the mobility of 
many gases may be somewhat impaired ; and that they may be re- 
duced to a condition intermediate between that of a perfect gas and a 
liquid. Such a condition I designate by the term semi-gaseous. 

The visible portion of the sun, which we call its photosphere, con- 
sists of matter in a state analogous to that of aqueous vapor in ter- 
restrial clouds ; that is, in the condition of a precipitate suspended in a 
transparent atmosphere. This photosphere is not only intensely lumi- 
nous, but intensely hot ; and the thermoscope indicates that it radiates 
more heat than the solar spots ; but this does not prove that the pho- 
tosphere is really hotter than the nucleus of a solar spot, for the 
experiments of Tyndall prove that gases radiate heat more feebly 
than solids of the same temperature. The matter of the photosphere 
probably consists of particles precipitated in consequence of their 
being cooled by radiation ; and, if these particles could recover the 
more elevated temperature of the interior portion of the sun, they 
would return to the elastic and invisible state of vapor. 

The sun's gaseous envelope extends far beyond the photosphere. 
During total eclipses, we observe flame-like protuberances rising to a 
height of 80,000 miles above the surface of the sun, which require us 
to admit the existence of bodies analogous to clouds floating at great 
elevations in an atmosphere ; and, if the extent of the solar atmos- 
phere, compared with the height of the visible clouds, corresponds 
with what exists upon the earth, we must conclude that the solar 
atmosphere extends at least a million of miles beyond his surface^ 

In order to account for the penumbra <ff a solar spot, it is not neces- 
sary to admit the existence of a second stratum of clouds distinct froni 
the photosphere. The penumbra appears to be formed of filaments 
of photospheric-light, converging towards the centre of the nucleus ; 
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each of the filaments having the same light as the photosphere ; and 
the sombre tint results from the interstices between the luminous 
streaks ; as in a steel engmving, shades are produced by dark lines 
separated by whitfe interstices. 

That the penumbra is a cavity is proved by the fact, which has 
been often observed, that when spots of a regular form approach the 
sun's limb, they lose the penumbra on the side which is towards the 
sun's centre, while the penumbra remains on the side which is to- 
wards the sun's limb ; and the depth of this cavity has been repeat- 
edly computed to be about one-third of the earth's radius. 

The convergence of the luminous streaks of the penumbra towards 
the centre of the spot indicates the existence of currents flowing 
towards the centre. These converging currents probably meet an 
ascending current of the heated atmosphere; by contact with which 
the matter of the photosphere is dissolved and becomes non-luminous. 

What cause can be assigned for the movements which are observed 
in the atmospheric envelope of the sun ? Such movements would 
result from unequal temperature in different parts of the sun's sur- 
face. But why should not the temperature of the sun's surface be 
uniform throughout ? 

The heat of the sun must be continually dissipated by radiation. 
If this radiation is more obstructed in some regions than in others, 
heat must accumulate in such places. Now, the phenomena observed 
during total eclipses indicate in the sun's atmosphere the existence of 
large masses, analogous to terrestrial clouds. Wherever these clouds 
prevail, the free radiation of heat from the sun must be obstructed, 
and heat must rapidly accumulate. The solar atmosphere tends to 
move towards the heated centres, and this must be accompanied by an 
upward motion at the centre. The heated air, thus ascending, partly 
dissolves and partly divides the matter of the photosphere, causing it 
to heap up in a ring around the opening, producing thus around the 
margin of the penumbra the appearance of a ring of light more 
intense than the general photosphere. 

It has long been known that the spots have a relative motion upon 
the sun's surface. This motion is sometimes towards the equator, and 
. sometimes from the equator ; sometimes towards the east, and some- 
times towards the west. We have assigned a cause for this motion. 
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which indicated a continuons diminution of period, amounting to over 
seven seconds since 1784. 

In 1859, Mr. Masterman published (London Astronom. Journal, v. 
190) the results of twenty-one observations, which compared with Ar- 
gelander's last result indicated that the period of Algol was no longer 
diminishing. 

During the past season I have observed a few minima of Algol at 
New Haven, and have combined them with such European observa- 
tions as have been published in the Astronomische Nachrichten. Tak- 
ing ten of the observations, which were made under the most favorable 
circumstances, and correcting them for the light equation, they give for 
the mean Paris time of minimum, 1865, Oct. 21, 15** 10°^ 20.4*, which 
compared with Masterman's result for 1859, gives a mean period of 
2^ 20^ 48™ 54.5% showing an increase of three seconds above the min- 
imum which occurred about 1855. 

The following table shows the results of the later observations here 
referred to. 



Epoch. 


Paris mean time of Minimum. 


No.ofObs- 


Observer. 




-6976 
- 7142 
-7516 
-8382 


1854, Oct 8, 5»» 30" 27.0' * 
1856, Jan. 27, 4 40 38.1 
1859, Jan. 3,1.3 17 13.4 
1865, Oct. 21, 15 10 20. 4 


24 
34 
21 
10 


Argelander. 
Argelander. 
Masterman. 
Loomis. 



The following table shows the intervals between the preceding 
dates, together with the number of periods and the mean duration pf a 
single period. 



Periods. 


Internals. 


Mean Period. 


166 
374 
866 


475* 23»' 10» 11.1'. 
1072 8 36 35.3. 
2483 1 63 7.0. 


2* 20^ 48» 51.5." 
2 20 48 52.1. 
2 20 48 64.5. 



The following are the mean periods of Algol determined for differ- 
ent dates, since the first observations in 1784. 



1784, May 27, 2* 20^ 48» 59.'4 
1793, July 11, ** 6S,4 

1818, April 12, " 68. 2 

1842, Sept. 19, " 65. 3 

1849, June 17, ** 64.9 



1851, Dec, 7, 2^ 20M8» 53, 2 

1856, juno 3, " 51*5 

1857, July 17, " 62,1 
1862, May 29, ** 64,6 
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For two and a half days Algol remains invariably of the brightness 
of ^ CassiopeaB ; it then decHnes and attains its least brightness in about 
three and a half hours, and in about three and a half hours more 
it attains again to the brightness of ^ Cassiopess ; that is, for nearly 
nine*-tenths of the whole time the light of Algol remains unimpaired. 

We cannot ascribe these variations of brightness to the flattened 
form of Algol, or to dark spots upon its surface, for in such a case the 
duration of greatest brightness could not exceed one half of the entire 
period. 

If we ascribe these variations of light to a dark opaque body revolv- 
ing about Algol, and suppose the mass of Algol to be equal to that of 
our sun, a period of 2^ 20^ would imply a distance of nearly four mil- 
lions of miles; that is, the circumference of its orbit must be nearly 
twenty-four millions of miles. In order that this body may interfere 
with the light of Algol during seven hours, if we suppose the diameter 
of Algol to be equal to that of our sun, the diameter of the opaque body 
must be twice as great, if it passed centrally over Algol, in which case 
the light of Algol would be totally eclipsed for about two hours. In 
order to explain the merely partial loss of light, we must suppose that 
the opaque body does not pass centrally over Algol, and must there- 
fore assign to it a still larger diameter, which would make its volume 
more than ten times that of Algol. Algol thus becomes an unimpo]> 
tant satellite to an obscure central body of enormous magnitude; a 
supposition so improbable that it is presumed no one will be disposed 
to accept it. 

All the observed phenomena may be explained by supposing a neb- 
ulous body of irregular form, with a length of nearly two millions of 
miles, or a group of small solid bodies of the same extent, revolving 
about Alg6l as a centre. The inequalities observed in the changes of 
Algol from maximum to minimum may be ascribed to irregularities 
in the form of the nebulous body ; and the slight diminution in the 
period of Algol from 1784 to 1855, and the slight increase since 1855, 
may be accounted for by supposing, not a change in the absolute time of 
revolution of the nebulous body, but simply a change of position of the 
major axis of the orbit with reference to a line from the earth to Algol. 

If the explanation here assigned is the true one, we should expect 
that the bright and dark lines of the spectrum of Algol would undergo 
a decided change at the time of its diminished light. 
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3. On the Theory of Meteors. By Prof. Daniel Kirk- 
wood, of Canonsburg, Penn. 

It is now well known that much greater variety obtains in the 
structure of the solar system than was formerly supposed. This is 
true not only in regard to the magnitudes and densities of the bodies 
composing it, but also in respect to the forms of their orbits. Before the 
discovery of the asteroids, the smallest planetary bodies known were the 
interior satellites of Saturn, supposed to have a diameter of about five 
hundred miles. But the estimated diameters of the planets between 
Mars and Jupiter vary from two hundred and sixty to fifteen miles ; 
and, with sufficient optical power an indefinite number, still more 
minute, would doubtless be detected. In orbits nearly circular, how- 
ever, bodies so extremely small could not become known to us, unless 
their mean distances were nearly the same with that of the earth. 
But with eccentricities equal to those of the comets of short period, 
the orbits of all having their mean distances included between those 
of Venus and Jupiter, would intersect, or nearly intersect, the earth's 
path. Now, in the case of both asteroids and comets, the smallest are 
the most numerous ; and, as this doubtless continues below the limit 
of telescopic discovery, the earth ought to encounter such bodies in its 
annual motion. It actually does so. The number of cometoids 
thus encountered, in the form of meteoric stones, Jtre-baUs, and shooting 
stars, in the course of a single year, amounts to many millions. The 
extremely minute, and such as consist of matter in the gaseous form, 
are consumed or dissipated in the upper regions of the atmosphere ; 
no deposit from ordinary shooting stars having ever been known to 
reach the earth's surface. But there i§ probably great variety in the 
physical constitution of the bodies encountered ; and, though compara- 
tively few contain a sufficient amount of matter in the solid form to 
reach the surface of our planet, scarcely a year passes without the 
fall of meteoric stones in some part of the earth, either singly or in 
clusters. Now, when we consider how small a proportion of the whole 
number ^re probably observed, it is obvious that the actual occurrence" 
of the phenomenon can be by no means rare. 

The most probable inference from a comparison of the facts known 
in regard to comets, shooting stars, fire-balls, and meteoric stones, is 
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that they are bodies of the same nature, and perhaps of similar origin ; 
differing from each other mainly in the accidents of magnitude and 
density. The amount of matter under these various forms within the 
limits of the solar system is doubtless immense. Besides the meteoric 
rings of August and November, several others are now well known. 
It is worthy of remark, moreover, that three of the dates specified by 
Mr. Greg as aerolite epochs are coincident with those of shooting 
stars; namely, February 15th-19th, July 26th, and December 
13th. The whole number of exhibitions enumerated in Quetelet's 
Catalogue^ is 315. In eighty-two instances the day of the month on 
which ibhe phenomenon occurred is not specified. Nearly two-thirds 
of the remainder belong to established epochs, and the periodicity of 
others will perhaps yet be discovered. But reasons are not wanting 
for believing that our system is traversed by numerous meteoric 
streams besides those which actually intersect the earth's orbit. The 
asteroid region between Mars and Jupiter is doubtless such an annu- 
lus. The Zodiacal Light is probably a dense meteoric ring, or rather, 
perhaps, a number of rings. We speak of it as dense in comparison 
with others which are invisible except by thp ignition of their parti- 
cles in passing through the atmosphere. 

Of the various theories which have been proposed to account for 
the origin of solar heat, perhaps the most probable is that (advocated 
by Mayer, Prof. William Thomson, and others), which ascribes it 
to the fall of meteoric matter. According to this hypothesis, the 
Zodiacal Light consists of meteoric masses revolving round the sun in 
gradually converging orbits. The inner portions of this immense 
^^ tornado " are resisted in their motion by the solar atmosphere, and 
hence are being constantly precipitated upon the sun's surface. The 
orbital motion thus arrested is converted into heat. The present paper 
is designed to extend this meteoric theory to a number of phenomena 
that have hitherto received no satisfactory explanation. 

I. Variable and Temporary Stars. 

No theory as to the origin of the sun's light and heat would seem 
to be admissible unless applicable also to the sidereal systems. Will 
the meteoric theory explain the phenomena of variable and temporary 

stars? 

^ Physique du Globe, chapitre XV. 
2 
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"It may be remarked respecting variable stars, that, in passing 
tbrongb their snccessive phases, thej are subject to sensible irregulari- 
ties, which have not hitherto been reduced to fixed laws. In general 
they do not always attain the same maximum brightness, their fluctua- 
tions being in some cases very considerable. Thus, according to Arge- 
lander, the variable star in Cor<ma Barealis^ which Pigott discovered 
in 1795, exhibits on some occasions such feeble changes of brightness, 
that it is almost impossible to distinguish the maxima from the minima 
by the naked eye ; but after it has completed several of its cycles in 
this manner, its fluctuations all at once become so considerable that 
in some instances it totally disappears. It has been found, moreover, 
that the light o£ variable stars does not increase and diminish sym- 
metrically on each side of the maximum, nor are the successive inter- 
vals between the maxima exactly equal to each other." ^ 

Of the numerous hypotheses hitherto proposed to account for these 
phenomena we believe none can be found to include and harmonize 
all the facts of observation. The theories of Herschel and Mauper- 
tius fail to explain the irregularity in some of the periods of variation ; 
while those of Newton 9jid Dunn aflbrd no explanation of the perio- 
dicity itself. But let us suppose that among the fixed stars some have 
atmospheres of great extent, as was probably the case with the sun at 
a remote epoch in its history. Let us also suppose the existence of 
nebulous rings, like those of our own system, moving in orbits so 
elliptical that in their perihelia they pass through the atmospheric 
envelopes of the central stars. Such meteoric rings of varying den- 
sity, like those revolving about the sun, would evidently produce the 
phenomena of variable stars. . The resisting medium through which 
they pass in perihelion must gradually contract their orbits, or, in 
other words, diminish the intervals between consecutive maxima. 
Such a shortening of the period is now well established in the case of 
Algol Again, if a ring be influenced by planetary perturbations, the 
period will be variable, like that of Mira Ceti, A change, moreover, 
in the perihelion distance will account for the occasional increase or 
diminution of the apparent magnitude at the different maxima of the 
same star. But how are we to account for the variations of bright- 
ness observed in a number of stars where no order or periodicity in 

1 Grant'8 Histoxy of Physical Astronomy, p. 541. 
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the yariatioD has as yet been discovered ? It is easy to perceive that 
either a single nebulous ring with more than one hiatus, or several 
rings about the same stscr, may produce phenomena of the character 
described. Finally, if the matter of an elliptic ring should accumu- 
late in a single mass, so as to occupy a comparatively small arc, its 
passage through perihelion might produce the phenomenon of a so- 
called temporary star. 

Recent researches relating to nebulae seem in some measure con? 
firmatory of the view here presented. These observations have 
showi), (1) a change of position in some of these objects, rendering it 
probable that in certain cases they are not more distant than fixed 
stars visible to the naked eye, and (2) a variation in the brilliancy 
of many small stars situated in the great nebula of Orion, and also 
the existence of numerous masses of nebulous matter in the form of 
tufts apparently attached to stars; — facts regarded as indicative of a 
physical connection between the stars and nebulas.^ 

n. The Diminution of Mercury's Mean Motion. 

From a comparison of the ancient and modem observations of 
Mercury, Leverrier has found that the planet's mean motion has sen- 
sibly diminished,^ as though its distance from the sun had been slightly 
increased. Now, since the interior planets appear to be moving 
through the masses of meteoric matter which constitute the Zodiacal 
Light, it would seem probable that they are receiving from this source 
much greater accretions of matter than the earth. Mercury's orbit, 
moreover, is very eccentric ; and hence he is beyond his mean dis- 
tance from the sun during much more than half his period. Probably, 
therefore, the greater increments of meteoric matter are derived from 
such portions of the Zodiacal Light as have a longer period than Mer- 
cury himself. If so, the obvious tendency would be to diminish slowly 
the planet's mean motion. 

m. Dark Days. 

Several instances are recorded of remarkable obscurations of the 
sun without any known adequate cause. The transit of a stream or 

1 Gaatier's Notice of Recent Researches relating to Nebal», American Journal 
of Science and Arts, Jan. 1863, and March 1864. 
^Leverrier '8 Amudes de PObservatoire, tome I., p. 38. 
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cloud of meteoric asteroids affords the most probable explanation of 
the phenomenon. 

IV. Motion op the Apsides op Titan. 

Bessel found the apsides of Titan to have a direct annual motion of 
B(/ 28'' in longitude on the ecliptic Assuming that this motion is 
produced by the disturbing influence of the ring, the great Konigsberg 
astronomer estimated the mass of the latter at yl^th, that of Saturn 
being unity. The following considerations seem sufficient to render 
the correctness of this determination doubtful ; especially as another 
probable cause may be assigned for the phenomenon : — 

1. The mass assigned by Bessel is more than fifty times the sum of 
the masses of the eight satellites, and indeed nearly equal to the mass 
of the earth itself. Now, that the ring or rings may be regarded as 
satellites is universally admitted. But as a general thing the interior 
members of a system are smaller than the more remote. So large a 
mass, therefore, near the centre of the system would be an exception 
to the order elsewhere observed. 

2. With Bond's estimate of the thickness of the ring, the density 
corresponding to Bessel's value of the mass is much greater than 
that of the primary ; greater, indeed, than that of any member of the 
planetary system exterior to Mars. 

3. The physical aspect of the rings is not indicative of consider* 
able density. The new or innermost one is semi-transparent. The 
body of the planet has been faintly seen through it without distortion, 
showing that the rays of light do not pass through a refracting me- 
dium. It is probable, therefore, that the rings consist of meteoric 
masses in a disintegrated state; those of the innermost being very 
sparsely scattered; the others of sufficient thickness to prevent the 
transmission of light, but less compact than would be indicated by 
Bessel's value of the mass. 

On the slightest examination of the Satumian system, we observe 
between Bhea and Titan a remarkable chasm in the order of distances 
of the satellites. This missing term is no less obvious than was that 
between Mars and Jupiter before the discovery of the asteroids. 
Now, as in the primary system the zone of small planets occurs just 
interior to the powerful mass of Jupiter, it seems probable that a sim- 
ilar ring of meteor-asteroids exists within the orbit of Titan, the larg- 
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est of Saturn's satellites. The disturbing influence of such a mass 
may account, at least partially, for the phenomenon attributed by 
Bessel to the attraction of the ring. 

V. Saturn's Rings. 

In the meteoric theory, the rings of Saturn consist of an indefinite 
number of extremely minute asteroids or meteorites. It may also be 
worthy of remark that the interval between the two bright rings cor- 
responds to the distance at which a satellite would revolve in precisely 
one-third of the period of Enceladus ; — a fact which seems suggestive 
in regard to the cause of this interval. The portions of the primitive 
ring which revolved at this distance would always be in conjunction 
with that satellite in the same parts of the orbit. The disturbing ef- 
fect would be increased at every conjunction ; the orbits of the disr 
turbed particles becoming more and more eccentric until such portions 
of the meteoric matter would be brought in contact with others at 
either a greater or less mean distance from the centre. 

VI. Distribution op the Mean Distances of the Asteroids 
BETWEEN Mars and Jupiter. 

Of the 87 asteroids whose elements have been computed, 69 are in- 
cluded within the limits 2.20 and 2.80. As the difficulty of detection 
increases with the increase of distance, it would perhaps be premature 
to attempt any classification of the distances beyond the latter limit 
The distribution of those whose mean distances are less than 2.80 is as 
follows : — 

between 2.20 and 2.30 .... 6 minimum. 
" 2.30 and 2.40 



2.40 and 2.50 
2.60 and 2.60 
2.60 and 2.70 
2.70 and 2.80 



18 ; 

7 
17 I 



maximum. 

7 nriinimiinn. 



Two remarkable chasms occur in the order of distances of these bodies, 
one, between Ariadne (2.2034) and Feronia, (2.2677), the other, be- 
tween Thetis (2.4733) and Hestia (2.5261). The former includes 
the distance at which 7 periods of an asteroid would be equal to 2 of 
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Jupiter; the latter, that at which 3 periods of an asteroid would he 
equal to 1 of Jupiter. Another decided hiatus is observed between 
Leto (2.7822) and Polyhymnia (2.8651). This, it will be noticed, 
corresponds to the distance at which 5 asteroid periods would be equal 
to 2 of Jupiter. These gaps or chasms may thus be regarded as analo- 
gous to those in the ring of Saturn. 



4. On the Dearborn Observatory. By T. H. Safford, of 

Chicago, 111. 

This observatory originated in a movement started some years ago 
by Prof. Forey, who gave a series of lectures on Astronomy in Chi- 
cago, and proposed to the citizens the purchase of a telescope of Mr. 
Henry Pitts. A committee was appointed to raise subscriptions for 
the purpose, and Hon. J. Y. Scammon offered the means for the erection 
of the necessary building. A committee was also appointed to investi- 
gate the subject of telescopes, and determined not to purchase the in- 
strument of IVIr. Pitts, but to obtain, if possible, that being constructed 
by Mr. Clarke, of Cambridge, Mass., which had been ordered by 
President Barnard for the University of Missbsippi, but which was 
lost to its original purchasers by the occurrence of the war. The 
object-galss for this instrument is the largest in existence, — eighteen 
and a half inches in diameter. It was procured with some difficulty, 
and the building to receive it was commenced, and was completed last 
March. It is built of the limestone common in Chicago, and is situ- 
ated at the southern extremity of the city. The diameter of the tower 
is thirty feet, its height ninety-six feet, which is favorable to observa- 
tions, owing to the greater stillness of the atmosphere. The object- 
glass of the telescope is of first-class excellence, so that full advantage 
is got of the aperture. The focal distance of the glass is twenty- 
three feet. 

The subject of observation, with which I have chiefly occupied my- 
self since the telescope was mounted, has been that of the nebulse. I 
have found thirty-seven new neKulae not catalogued by Herschel, and 
noticed that many of those described by Herschel as very faint appear 
but slightly faint, showing that the Chicago instrument has great optical 
power. 
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11. ELECTRICITY AND CHEMISTRY. 
1. On THE Anthistometer. By Dr. L. Bradley, of New York. 

The Rheostat is an instrument for fixing the state and regulating 
the flow of a current of electricity. It has been employed under dif- 
ferent forms by philosophers and professors, to prove theories and 
establish principles. I have enlarged its field of usefulness in making 
it a thing of every-day practical utility in business. The improved 
Rheostat and the improved Tangent Galvanometer here exhibited, 
taken together, constitute an instrument for conveniently determining 
and correctly measuring the resistance which conductors of electricity 
oppose to the free propagation and transmission of a current through 
them, and the resistance of coils, magnets, batteries, &c. It is a meas^ 
ure of resistance to which I have applied the name Anthistometer^ from 
the Greek, signifying a measure of resistance. 

This instrument I have in constant use ; and in my business, in rela- 
tion to telegraphy, I have made it what the scale-beam or yard-stick 
is in commerce. I have adopted the practice of measuring and mark- 
ing the resistance of all the magnets I put upon the market, which en- 
ables telegraph superintendents to arrange and adapt their magnets to 
the several parts of lines so as to secure the greatest economy in their 
use, which is a matter of very great importance. I make the rheostat 
daily useful also in comparing magnets and ascertaining their relative 
working qualities. 

The subject of a uniform standard of resistance has engaged the at- 
tention of electricians considerably, but they have not as yet arrived 
at anything reliable. Wire of a given number is not only more or less 
variable in its dimensions, but is also variable in the specific resistance 
of the metal of which it is composed. The standard unit of resistance 
of this instrument approximates that of one mile of No. 8 iron wire. 
. It consists of coils of difierent resistances, from the \ mile to 150 
miles, which are so connected with switches that any amount of resist- 
ance up to 1 200 miles can be introduced at pleasure ; and the graduated 
sliding bar subdivides the ^ of a mile into hundredths of a mile. The 
true Tangent Galvanometer (Rheometer) measures correctly the 
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strength or actual force of a current in circulation, which it may be 
demonstrated is directly proportional to the tangent of the angle of de- 
flection. Common galvanometers do not fulfil the requisite condition 
for this, viz. : that the adventitious force which is sent through the 
galvanometer coil shall act with the same uniformity upon the needle 
in all its deviations as the terestrial magnetism does. Where the coil 
is narrow and the needle long, the inductive influence upon the needle 
is very great while it is at or near the meridian ; but, as it deflects, its 
extremities pajs more and more away from the rays of induction, and 
consequently its deflections are less and less, so that the tangents of 
deflection are not at all proportional to the strength of current. To 
obviate this difficulty, I made a coil of few layers carefully wound, 
whose width was equal to the length of the needle, but upon trial a 
difficulty in the opposite direction was manifest. When the needle is 
on the meridian over such a coil it is under the influents of but few 

convolutions of the coil wire, but 
Tan S_ as it deflects more and more, it 
comes under the influence of more 
and more of the convolutions, so 
that the effect, instead of dimin- 
ishing, as in the former case, is 
more and more increased. Being 
now convinced that the truth lay 
somewhere between the extremes 
of these experiments, I resolved 
to find it if possible, and upon a 
little reflection the expedient was 
presented of making a compound 
needle, composed of several pieces 
or needles of thin flat steel, fixed 
horizontally upon a light flat ring 
of metal, and so trinmied. as to 
form a complete circular disc of 
needles having an agate cup in 
the centre to rest upon the pivot 
on which it turns. At each ex- 
tremity of the meridian light points project to indicate the degrees of 
deflection. The needles being polarized and balanced upon the pivot 
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and placed over the coil, it was found to move witli great celerity. 
This compound circular needle being under the influence of the same 
number of convolutions of the coil in all its deflections, it would seem, 
must necessarily fulfil the conditions required as mentioned above. 

The Theorem : " The intensity of currents, as measured by the tan- 
gent galvanometer, is proportional to the tangents of the angles of de- 
flection" I verify in the following manner : — 

The terrestrial magnetism whose tendency is to direct the gal- 
vanometer needle to the magnetic meridian, I make the unit of 
directive force ; and I let this unit be represented geometrically by the 
line A M, Fig. 1, which is the radius of the circle M B M ; the line 
MAM representing the meridian. When there is no other force 
acting on the needle, its direction is with the meridian. Now let an 
electric current be sent through the galvanometer coil, whose directive 
force is precisely equal to the terrestrial force, and whose tendency is 
to direct the needle in a line perpendicular to the meridian, and let 
this force be represented by the line A B. 

If the terrestrial force could now, for a moment, be suspended, the 
needle would point due east and west ; but the combined action of the 
two equal forces will direct the needle toward the point of intersection 
of the line drawn perpendicularly from M, and that drawn horizon- 
tally from B, at 1, which direction cuts the quadrant at 45°, the line 
M 1 being the tangent of 45°, which is 1. 

Now, if we augment the intensity of the current through the coil to 
twice its present force, which will be 2, and will be represented by the 
line A C, the combined forces A M and A C will direct the needle 
toward the point 2. If we now lay a protractor on the circle, we find 
that the line A 2 cuts it at about 63° 30', of which the tangent is 2. 

We may increase the parallelogram, erected upon A M, at pleas- 
ure, and the two forces combined will always so balance the needle 
between them as to make it point from A, diagonally, across the paral- 
lelogram to its opposite angle, the height of which is the tangent of 
the angle of deflection. 

By inspection of the diagram it is seen that the law' holds good 
in the subdivisions of the force A B, as at .5, .25, and .125, a truth 
admitted by all philosophers, as to the relations, up to 14°. 

I believe that it is an admitted truth that the correlations of fopces 
in magnetism are the same as those of gravity, — each within its own 

8 
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sphere ; that of the former being confined within limits, while that of 
the latter is coextensive with the universe. 

Now, let us apply the principles 
of avoirdupois : here is a wheel 
which turns freely on its axis, and 
is graduated to degrees and min- 
utes. 

If we attach a pound weight to 
its periphery at (a) its tendency 
will be to maintain its position at 
the plumb-line P a B, which is 
the line of centres of gravity. Let 
us suppose the pound weight at 
(a) to be a constant quantity and a 
unit of force, corresponding to that 
of terrestrial magnetism, A M, 
Fig. 1. 

Now, if we attach to the wheel 
at C a force precisely equal to (a), 
whose tendency is to assume the 
position of the force at (a), we 
shall have two forces acting agauist 
each other, and whose relations to 
each other are the same as those 
of A M, and A B, in Fig. 1 : and 
they will so adjust the wheel that 
they will stand equally distant 
from the line of centres of gravity at a' and c', and the wheel will be 
found to have turned just 45^, the tangent of which is 1. If we now 
augment the force at c' to twice its present weight, jf, will descend to c^', 
and, at the same time, the weight at af will ascend to a!', and the 
weight at a" will be found to be just twice as far from the line of 
centres as that at c'^, and the plumb-line will cut the wheel at 68^ 30', 
the tangent of which is 2. The augmented force is 2, and the tangent 
of deviation is 2. We may increase the force at c" as we please, as 
at c'" or c^'", and the wheel will be so adjusted that the distance of the 
we%ht at (c), from the line of centres, as compared with that at (a), will 
be inversely proportional to its weight, and the plumb-line will cut the 
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circle at the degree whose tangent is directly proportional to the 
weight 

Therefore : the iniensitf/ of currents of electricity^ as measured by 
the true tangent galvanometer^ is proportional to the tangents of the 
angles of deflection of the needle. 

This galvanometer has three distinct coils. No. 1 consists of three 
layers of No. 82 copper wire, and gives 3.1 miles resistance. No. 2 
consists of one layer of No. 28 wire, and gives .4 mile resistance. 
No. 3 is a simple plate of copper, whose resistance is nul, or so small 
that it need not be taken into account. No. 1 is for intensity. No. 
3 for quantity, and No. 2 for common mixed currents. 

I now employed a current from 4 cups of Hill's Battery ; first through 
coil No. 1, and then through coil No. 2, against different resistances, 
from 4.1 to 151.1 miles : the resistance of No. 1 being greater than 
that of No. 2, I was careful to switch in rheostat coils, so that the 
sum of the resistances of the galvanometer, and the rheostat coils in 
the circuit should be always equal, thereby securing isodgnamous, or 
equally intense currents. 

The resistances introduced in five observations were 4.1 — 11.1 — 
41.1 — 81.1 and 151.1 miles. The tangents of the several deflec- 
tions by No. 1 being divided by those by No. 2, gave the following 
quotients : 4.4 -—4.3 — 4.4 — 4.44 and 4.3. 

The deflections by No. 1 were from 75«> to 8^ 30', and by No. 2, 
from 40^ 10' to 2^. Such results give indisputable evidence of a veiy 
true tangent galvanometer. At the same time I noted the deflec- 
tions of another galvanometer, whose needle is 4 in. long, coil i in. wide, 
and resistance .9 mile, under the influence of the same isodynamous 
currents. Dividing the tangents of No. 1 by those with this instru- 
ment I obtained the following quotients : 2.41 — 1.45 — .84 — .51 and 
.46. Showing how much more powerfully the needle of the old gal- 
vanometer was influenced when near the meridian, and how the effect 
diminished as compared with that of coil No. 1, when it deflected 
so as to carry its extremities more and more outside of the narrow 
coil. 

Galvanometers have been constructed of large circular coils, open 
within, 15 to 20 fnches diameter, with a very short needle in the 
centre, which nearly fulfil the condition required ; but the deviations 
obtained by a given current are small compared with those of an in- 
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strument whose needle is close to the coil, and a coil of much greater 
resistance is necessary. Such galvanometers are large, cumbersome, 
and inconvenient, andHhe changes in the deflections are* too minute to 
ensure great accuracy in the observations. 

Poggendorff, Melloni, Amjx^re, and others have published ingenious 
methods of determining the relative intensities of currents, by any com- 
mon galvanometer, which may perhaps be sufficiently reliable for ordi- 
nary purposes, but in every case laborious computations have to be 
made and a table or scale arranged with great labor for each individual 
galvanometer, in order to make it available for any valuable purpose. 

The expense and difficulties attending all such methods are such as 
to render them unavailable for men of ordinary means who cannot 
afford the requisite time and money. 

To measure the resistance of a magnet or coil by the Anthistometer, 
I put it in connection, between the two front screw cups at the left 
hand end of the rheostat ; the galvanometer being connected between 
the screw cup at the right-hand end and one pole of the battery while 
the other pole of the battery is connected with the rear cup at the left 
end. Now, if we turn the left hand switch to the left, the current goes 
through the thing to be measured, but if we turn it to the right, it goes 
through the coils of the rheostat The resistances of these coils are 
designated by the figures over the several switches oja the front as the 
equivalent of miles and fractions of a mile. I now turn the current 
upon the thing to be measured and observe to what degree the needle 
is deflected, and then turn it upon the rheostat and switch in resistance 
until the needle settles at the same degree. The sum of the numbers 
at which the switches now stand gives the resistance. 

The switch which turns the current upon the magnet and back on to 
the rheostat, also the graduated bar and coil which measure hun- 
dredths of a mile, are inventions of my own, which give great facility 
in taking nice and accurate observations. 

I have also discovered a new method of determining the resistance of 
a battery by the Antliistometer, To do this I put a cup in connection, 
as I do a magnet whose resistance I wish to measure. The switches 
being all at 0, the needle deflects to — say 70° 30'. I now turn the 
current through the cup, the action of which being added to that of 
the main battery, the needle deflects to 72° 40'. I now reverse the 
current through the cup, so that its action opposes that of the main, 
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and the deflection is 65°55'. The tangents of the two extreme deflec- 
tions are 3.204 and 2.237, which, being added and their sum divided 
bj two, gives 2.720 for the mean tangent, of wMch the corresponding 
degree is 69° 50' ; by now turning the current through the rheostat and 
drawing the graduated bar to .20 the needle comes to the same degree 
(69° 50'). The resistance of the cup is therefore .2 mile. In com- 
paring two magnets for determining their relative working qualities, I 
remove the galvanometer and put the two magnets in its place, both con- 
nected in the same circuit with the rheostat. Let the magnets be ad- 
justed with equal fineness, and then gradually switch in resistance until 
one or both shall fail to operate. If there is difference in them the 
better magnet will continue to work after the other shall have ceased. 



2. On the Electro-Magnet. By Dr. L. Bradley, of 
New York. 

In presenting my improved Electro-Magnet, I beg to call attention 
to the first and principal feature of the improvement, namely, the 
Helix, which was patented August 1st, 1865, and is made of fine naked 
copper wire, so wound that the convolutions are separated from each 
other by a space of the six-hundredth to the eight-hundredth of an 
inch, the spires or layers being separated by thin paper. 

In helices of silk-insulated wire, the space occupied by the silk is 
from the one-hundred-and-fiftieth to the three-hundredth of an inch. 
A covering that occupies less than the three-hundredth of an inch is 
not sujQficient for safe insulation, without the interposition of paper 
between the layers. By this mode of winding I make a spool of a 
given length and size of wire, and of given resistance, to be of much 
less diameter and to contain a much greater number of convolutions 
than it is possible to make of silk-covered wire. As the effect of the 
current in inducing magnetism, in the soft iron core of a magnet, 
depends upon the number of convolutions and their proximity to the 
core, the advantages of this compact winding are so manifest that I 
feel justified in claiming it as an important step in advance toward 
the perfection of the telegraph. 
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I feel myself well fortified in this claim by the united testimony of 
operators generally, where my magnets have been used on long lines 
in bad weather, and the daily growing demand for them. 

The limited resistance which they oppose to the electric current, 
taken in connection with their superior working powers, is an im- 
portant consideration in their favor. Unnecessary resistance in a line 
is very objectionable. 

A desideratum in telegraphy is a receiving magnet having the 
greatest effective force, and at the same time opposing the least re- 
sistance to the electric current, and this I claim to have attained. I 
am so sanguine as to the superiority of these magnets that I do not 
hesitate to invite any manufacturer, or other person, to produce a 
magnet of silk-insulated wire, and let its resistance be determined ; 
and I pledge myself to furnish one of naked wire, of equal or less 
resistance, which shall work on a line of same length, and against an 
equal amount of rheostat resistance, which may even be increased after 
his shall cease to work. 

The low price of these magnets is an important advantage. The 
cost of silk-covered wire is four to six dollars a pound, while that of 
naked wire is less than one dollar. Better working magnets, there- 
fore, are offered at $16 each than are sold by other manufacturers 
at $20. 

In making magnets of high resistance I find advantage in using two 
or more sizes of wire, and such as to keep the diameter of the coil 
within what I conceive to be the proper limit, say one and an eighth 
inch, and this I claim as novel. As we increase the diameter of a 
spool, the resistance increases with accelerated rapidity, namely, as the 
circumference ; or (leaving out fractions) it increases as the diameter 
multiplied by three, while the magnetizing power increases by a con- 
stantly diminishing increment ; for my experiments have proved that 
convolutions at a distance from the core of a magnet do not give equal 
effect with those that are in close proximity, notwithstanding their 
greater circumference. Another advantage is gained by the use of 
helices of small diameter, from the close proximity in which the cores of 
the magnet may be placed to each other ; for it is well known that the 
poles react, one upon the other, by induction, so as to increase the mag- 
netic force, and the nearer the poles are made to approach each other, 
the more powerful the magnet becomes from such reciprocal action. 
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3. On THE Galvanic Battery. By Dr. L. Bradley, of New York. 

In addressing myself.to the learned members of this Association up- 
on the subject of the galvanic battery, I do not propose to speak of the 
elementary principles of the battery, or of the electrodynamic force 
generated by it ; but to confine myself to the consideration and pro- 
mulgation of some of the discoveries I have been able to make, aided by 
the instruments heretofore described in my paper upon the Anthtstom~ 
eter, and to the relative merits of such batteries as are now, and as 
have been employed in telegraphy. 

Before proceeding further I will explain what I understand by the 
words quantity and intensity, as they are commonly used in this branch 
of science. These words sgem to me to be technical, and to have refer- 
ence, not so much to magnitude of any kind, as in the common accept- 
ation of the terms, but to peculiar and distinct properties of currents. 

I define quantity as that property of a current which gives it great 
magnetizing power, as well as great heating and decomposing power. 
It is the desideratum in all electrolytic pursuits, such as throwing down 
metals from their salts, in galvanizing, electrotyping, etc., but it is not 
capable of overcoming any great resistance, or of being propagated at 
any great distance. 

It is best obtained by cups having large plates and arranged as sim- 
ple battery, that is, the positive poles connected, and the negative 
poles connected, so as to make them equivalent to one large cup. 

By intensity I mean that property which overcomes great resistance 
and renders the current efficacious in being propagated through long 
lines of telegraphic wire, and in giving severe shocks physiologically. 
This is obtained by a large number of cups, arranged in cdmpound 
battery, having the negative pole of one cup connected with the posi- 
tive of the next, and so on. 

There is another property of a current, namely, that which renders it 
capable of being subdivided, and of intensely charging and operating 
a number of long lines at the same time. 

This is obtained, either by a large number of large cups, or, what is 
more convenient, a number of parallel series of compound battery, 
having the similar poles of the several series connected. A current 
possessing this property, I have presumed to call volume of intensity. 
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I do this with some diffidence for I know that electricians have consid- 
ered it a simple combination of quantity and intensity, and have not 
« seemed to notice the distinction I am speaking of; but it seems to me 
that no portion of this current can exhibit the true properties of a 
quantity current. There is certainly one plain distinction ; that is, it does 
not possess that peculiar negative property of being incapable of over- 
coming resistance ; for the whole or any subdivision of it is truly in- 
tense and is capable of overcoming great resistance and of working a 
telegraph at great distances. It seems to me that the reinforcement of 
an intensity current by the addition of another of 4he same quality 
has the effect of increasing the volume, and not of converting it, in any 
proper sense, into a quantity current : it therefore seems to merit an 
appropriate name to distinguish it. I am not tenacious of this name. 
The batteries most used in telegraphy are: 

Smees' Sulphuric Acid battery. 
Grove's l^itric " " 

The Chromic " " 

And some forms of Sulphate of Copper battery. 

Smees' battery has gone nearly out of use, on account of the incon- 
stancy of its current. When a circuit is first closed upon it, it starts 
off with great energy ; but the counteracting effect of the gas which 
accumulates upon the negative plate causes it gradually to subside. I 
have seen the galvanometer needle fall back three or four degrees, 
under the action of a cup of this battery, in the course of twenty min- 
utes. This difficulty and its want of intensity renders it unsatisfactory 
in telegraphing. But it gives great quantity, and in its electrolytic 
effects ill throwing down metals and other chemical uses it is of great 
value. 

Grove's battery is too well known to require description. The 
theory of its chemical action is such as to make it more powerful (for 
a given number of cups) in the combined properties of quantity , inten^ 
sity, and volume of intensity, than any other battery. But the enormous 
expense attending its use, together with the deleterious and corrosive 
fumes of nitrous acid continually emanating from it, are highly objec- 
tionable. These difficulties are largely in consequence of local action. 
If we put a globule of mercury, or a piece of zinc, or of amalgamated 
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zinc, into a "tumbler sSid pour upon it a little diluted nitric acidy a vio- 
lent effervescence takes place, the tumbler soon becomes too hot to be 
held by the naked hand, and the air is suffocatingly charged with 
nitrous acid fumes. This is precisely what takes place in every cup 
of Grove's battery, just in proportion to the quantity of nitric acid 
which, by its tendency to diffusion, percolates through the porous cup, 
and this, I think, may account for the remarkable fact that this battery 
runs down nearly as fast, when open, or when it works but one line, 
as when it charges several lines, showing that the consumption of ma- 
terial is due more to this local action than to that which generates the 
current. 

The foregoing objections have caused this battery to go out of use 
in many places and to give place to the 

Chromic Acid Battery^ 

which consists of the jar, the porous cup, the amalgamated zinc, and 
the carbon of Bunsen's battery, and which, instead of nitric acid in the 
porous cup, is charged with a liquid formerly used by Poggendorff, 
which (De La Rive, vol. II. p. 810) is composed of three parts by 
weight of bichromate of potassa, four parts of concentrated sulphuric 
acid, and eighteen parts water. This liquid is so corrosive and oxidiz- 
ing that it has been found almost impossible to make connections with 
the carbons that would serve any length of time ; but A. S. Ogden, 
Esq., of Newark, N. J., and C. T. & J. N. Chester, of N. Y., have 
lately contrived modes of connection which appear to be durable and 
safe. This liquid has the effect to saturate or fill up the carbons with 
sesquioxide of chromium^ which diminishes their conductivity, making 
it necessary at intervals of 15 or 20 days to renew the battery and 
submit the carbons to thorough cleansing, by immersion in water for 
24 hours or more. The bichromate solution has to be renewed every 
day for main circuits, and for local circuits twice a day. This battery 
is properly called chromic ctcid battery, in contradistinction to the nitric 
acid batteries of Grove and Bunsen. Chromic acid is the active in- 
gredient in the porous cup. The greater attraction of the sulphuric 
acid takes the potassa, and the chromic acid is set free. But the quan- 
tity is so limited (not more than one twenty-fifth of its weight) that 
the battery can never be but short-lived and inconstant. 
4 
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The facility with which chromic acid parts with oxygen td form water 
with the hydrogen, which would otherwise appear in a fi^e state at the 
negative plate, is such as to make this battery superior for its quantity, 
as well as its intensity property. When we form connection, by con- 
tact of a short ground wire, a brilliant flame of fire is elidted, which 
has been referred to by respectable electricians as a property highly 
meritorious. 

It is meritorious in a battery for electrolytic purposes, bat in tele- 
graphy it is the reverse ; it indicates a kind of force that is not only 
liable under certain circumstances to heat and destroy the magnet, bat 
is prone to escape at every possible opportunity. Every particle of 
aqueous vapor that touches the telegraph wire receives and 'carries off 
a full charge, and every cobweb or other fibrous material, that may 
chance to hang across the wire in a damp atmosphere, caixies ofiT a 
stream of fire. 

On the whole, it seems like a hard choice of evils to take this, in place 
of Grove's battery ; indeed the objections to both are serious and call 
loudly for something better. In my numerous testings with both the 
chromic acid and the nitric acid batteries, I have always been annoyed 
with irregularities in their action. I have sat for hours to observe the 
perturbations of the galvanometer needle under their action. "Whet 
using the quantity galvanometer I have observed the needle to vibrate 
sometimes gently and steadily and at others abruptly, to the distance o 
four or five degrees, and have seen it moving back and forth over ai 
arc of 10^ or 12*^ in the course of an hour. These vibrations arje no 
. so large where I use the intensity galvanometer. 

There is another battery, a peculiar modification of the stdphate o 
copper battery, which, on account of its extraordinary merits, is noi 
coming rapidly into use and promises to take the place of all other 
in telegraphing. It is the invention of Dr. E. A. Hill, of Chicagc 
m., who obtained a patent for it August 18th, 1884. In the xnidi 
of a long experience in the use of the common sulphate of co| 
per battery (Daniel's Battery) he observed that when there wa 
nothing to prevent, the sulphate of copper was first withdrawn froi 
the upper part of the solution, and that frequent agitation was re 
quired to restore the diffusion. 

The practical idea, therefore, suggested itself to his mind, of discard 
ing the porous cup, placing the copper in the bo^m of ite -vessc 
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where experience had taught that the sulphate of copper solution main- 
tained itself the longest, and suspending the zinc in the upper part 
where it would be out of the way of the copper solution, and least ex- 
posed to local action. The idea being came4 out in practice, he 
claims, and I think justly, that the most simple and philosophic battery 
ever produced was obtained. The use of the battery for more than 
three years has demonstrated that for economy, constancy, durability^ 
and ease of management, it is superior to all others. 

A battery of 150 cups charged 8 and 9 lines well, at the Chicago 
office of the Illinois and Missouri Telegraph Company, at greatly 
reduced cost compared with the Grove battery previously used. A 
battery of 100 cups, at the United States telegraph office. New York, 
charged 2 Boston lines most satisfactorily for 50 days with the loss of 
53 lbs. Sul. Cu., the equivalent of zinc being 14 lbs. The cost of 
these in New York was just $10. 

The whole fire-alarm telegraph of this city (Buffalo) is run by 
96 cups of this battery. 

I learn from a statement of Mr. Wm. A. Sheldon, chief operator, 
that 30 cups work the local, 62 cups work two signal circuits, each 5 
miles long, and 4 cups the test battery ; all but the last four are kept 
closed night and day. Since June 28th to 17th inst, 50 days, the ex- 
penditure of Sul. Cu. has been 168 lbs., the zinc equivalent being 42 
lbs., and cost $31.50. The 30 lbs. pure copper deposited has beeil 
saved, which is certainly worth $12 or $15. 

I have experimented much in ascertaining the interior resistance of 
the various batteries. I do this by the method described in my paper 
on the Anthtstometer, also by equations involving two unknown quanti- 
ties. 

By Ohm's Law, 

— == S and — ?— , == S', in which 
r r+P 

e = Electromotive force, 

r = Interior resistance, 

r' = Exterior, inserted resistance, 

S:=Sti'ength of eurreiit in einmlation, 
Sf^ Strength where r' is inserted. 

By elimiimlUig (e) and reducing the equation we have. 
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In using mj true tangent galvanometer for quantitj (whose resist- 
ance is so small that it need not be taken into account), I note the 
deflection which the battery gives ; I then insert some known resist- 
ance (r^), say a wire or coil of 0.2 mile, and note the reduced deflection. 
The tangents of these two deflections give S and S^ We have then 
the known quantities j!^ S and S^ from which by the formula we com- 
pute (r), the interior resistance. 

The results obtained by the two methods agree almost perfectly. 

The interior re»stances of the nitric acid and the chromic acid bat- 
teries, under different circumstances, I have found as follows, — the 
circuit being always kept closed on a common local sounder, which 
gave 0.3 mile exterior resistance. 

MSe. 

1 cup Grove's battery (new), r = 0.047 

Sttue after rumiing 8 hours, " 0.068 

" " " 16 " " 0.140 



1 cup chrmnic acid battery (new), r= ^ . . . . 0.027 

Same at 6 hours, " 0.062 

" 16 " (about run down), « 0.154 

With Hill's battery, properly attended, (r) ranges from 0.15 to 0.25 
mile (according to the size of the cups), at all times. The resistance 
of the same cup scarcely varies 0.02 mile, from month to month. 
The unit of resistance is that of one mile No. 8 iron wire. The value 
of (r) is a very good index to the relative constancy and durability of 
the several batteries. 

As to the cost of material actually consumed in running these sev- 
eral batteries, I have some data, which are deemed reliable, from 
which I select cases when the batteries performed about equal ser- 
vice in running two long lines each, which give the foUosring results, 
namely : — 

Grove's battery, per cup per month, . . . . $.109 

Chromic acid battery " 31 ^ to 35 cts. 

Hill's battery " " 5^ to 6 do. 

Now we may concede that ten cups of this last battery are required 
to perform what might be done by four cups of either of the former. 
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We see that economy, financiallj, is greatly in its favor; for the 
monthly expense is not half that of the chromic acid, nor one-seventh 
that of Grove's. If many lines are run from the same battery, the 
economy in the use of Grove's gains considerably upon the others, 
but never comes up to that of Hill's battery. 

But this financial economy is nothing compared with the advantage 
and satisfaction derived from so smooth and constant a current as is 
given by Hill's battery. 



4. On Petroleum. By Dr. T. Stebrt Hunt, of Montreal, Can. 

[Abstract.] 

The author adverted to the history of certain views relative to Pe- 
troleum. He had shown, in 1861, that the mineral oil of western 
Canada was indigenous in the coniferous limestone; wells, sunk in 
the outcrop of which have yielded, and still yield, oil in that region, 
and, also, in Kentucky, according to Lesley. At that time, 1861, he 
called attention to the existence of petroleum in the limestone of the 
Trenton group, and had, since then, in the " Geology of Canada^" 
in 1863, insisted upon these lower silurian oils as likely to prove in 
some regions of economic importance, — a prediction verified by the 
recent developments in the lower silurian strata of the Cumberlanc^ 
in Kentucky, and the oil-wells of the Manitoulin Islands, which latter 
are sunk through the Utica into the Trenton formation. Another im- 
portant point, on which he had been the first to insist, was that the 
accumulations, giving rise to productive wells, occur along the lines of 
anticlinal folds, where the oil would naturally accumulate in fissures 
or in porous strata, in obedience to well-known hydrostatic laws. 
This view, first insisted upon in a lecture published in the Montreal 
Gazette for March, 1861, was further developed in a paper on pe- 
troleum in the Canadian Naturalist, for July, 1861, and simultane- 
ously by Prof. E. B. Andrews, in Silliman's Journal. Since then 
this view, though greatly opposed, is gaining ground ; and, according 
to Prof. Andrews and Dr. Newberry, is sustained by all experience 
in the oil fields of the United States, as it also is in Canada. This 
remark applies to large accumulations and to flowing wells ; but 
oils may doubtless flow, slowly from horizontal strata containing it. 
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As te the origin of the petroleum. Dr. Hunt supposes that it is in- 
digenous in the two limestone formations already mentioned, and that 
it maj have from these risen and accumulated in overlying pervious 
strata or in fissures capped or sealed by impervious beds, such as 
Pennsylvania sand-rocks or quarternary gravel-beds. 

He is inclined to think, however, that petroleum may also be in- 
digenous in certain sandstones of Devonian or Carboniferous age, and 
referred to Lesley's observations to this effect, closely agreeing with 
those of Wall and Cruger, in Trinidad, where fossil plants are some- 
times found partly converted into petroleum and partly into lignite. 
Dr. Hunt regards the process by which animal and vegetable hydro- 
carbonaceous tissues have been converted into solid or liquid bitu- 
mens, as a decay or fermentation, under conditions in which atmos- 
pheric oxygenation is secluded, so that the maximum amount of 
hydrogen is retained by the carbon, and as representing one extreme 
of a process, the other of which is found in anthracite and mineral 
charcoal; the two conditions being antagonistic &nd secluding each 
other, and the production of petroleum implying, when complete, the 
disappearance of the organic tissue. Hence, pyroschists — the so- 
called bituminous shaler and coal — are not found together with pe- 
troleum, but in separate formations ; and it is to be borne in mind that 
the epithet, bituminous, applied to the former bodies,' is a mistaken 
one, since they seldom or never contain any bitumen ; although, like 
all fixed organic bodies, they yield hydrocarbons by destructive distilla- 
tion. The fallacy of the notion which ascribes petroleum to the action 
of subterranean heat on strata holding coal and pyroschists was ex- 
posed ; and it was remarked, among other arguments, founded upon 
the impermeability of many of the petroleum-bearing strata, that the 
oil of the Trenton limestone occurs below the horizon of any pyros- 
chists or other hydro-carbonaceous rocks. 



5. On the Metallurgical System of Messrs. Whelpley 
AND Storer. By Dr. T. Sterry Hunt, of Montreal, Canada. 

The metallurgical processes recently introduced by Messrs. Whelp- 
ley and Storer, of Boston, are the perfected results of a long study of 
the chemical and mechanical conditions required for the economic 
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working of metallic ores. Most of the valuable metals generallj exist 
in nature combined with sulphur. This is the case with a large amount 
of iron, and the greater part of the copper, lead, zinc, and silver ; gold, 
too, is often involved in these sulphurets. The extraction of the metals 
from their sulphurets is, therefore, one of the most important problems of 
metallurgy. The common method, as illustrated in the case of the or- 
dinary ores of copper, consists in roastings and fusions, having for their 
object: 1st. The separation of the earthy matters and the excess of 
sulphur which keeps in combination with the copper a portion of iron ; 
2d. The final elimination of the sulphur and the conversion of the cop- 
per into an oxide ; and, Sd. The reduction of the oxide to the metallic 
state. This series of operations is long and costly from the large 
amount of fuel consumed, so that the working of copper is generally 
confined to coal-producing districts, or to localities where the copper 
ores can be cheaply brought in contact with coal, fifteen toi^ of which 
are consumed in Swansea to produce one ton of copper. 

The chemist in his laboratory separates copper from its sulphuretted 
ores in a very simple and direct manner, by first converting it into a 
soluble salt, from which the pure metal is precipitated by an equiva- 
lent of iron. To apply this principle to the working of copper ores on 
a great scale is a problem which has engaged the attention of many 
metallurgists, and has given rise to various processes for obtaining cop- 
per by the moist way, many of which are nearly or quite perfect in 
their operation, but are lacking in practicability and cheapness. The 
sulphurets of copper, zinc, and some other metals, when calcined, give 
rise to oxides which readily unite within certain limits of temperature 
with the oxidized sulphur and giv<e soluble compounds, while the sul- 
phuret of iron under similar conditions yields a peroxide which is com- 
paratively indifferent to acids. The first condition of this oxidation is 
minute subdivision, which being attained the calcination is generally 
effected in a reverberatory furnace, with frequent stirring to bring each 
particle of ore in contact with atmospheric oxygen ; and here come into 
play the mechanical peculiarities of the new method. Rejecting the 
stamps generally employed, Messrs. Whelpley and Storer have invented 
a new system of mills for crushing and pulverizing. By falling upon 
a large circular iron table, revolving about 2,000 times in a minute, 
having hammers bolted to its surface, and surrounded by a perforated 
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screen, masses of ore are at once shattered to fragments, which are 
thrown out through the openings in the screen. In the next stage the 
material thus broken up is pulverized in an air-mill, where in a fixed 
cylinder, is a shaft armed with iron paddles, whose extremities approach 
within an inch or two of the periphery of the cylinder, and are made to 
revolve about 10,000 feet in a minute. The grains of ore falling in 
near the axis of this rapidly rotating system are, carried at once to the 
periphery by their mutual attrition, speedily reduced to an impalpa- 
ble powder. The only escape for this is by the open axis of the cylin- 
der, through which, by means of a fan-blower or aspirator contiguous 
to the miU, or somewhat removed, a current of air is drawn, by which 
the fine dust is removed and carried to receiving chambers. This 
novel method yields surprising results : a mill forty-two inches in di- 
ameter, moved with fourteen horse-power, will reduce to impalpable 
powder from one to two tons per hour of crushed material, such as 
ores, quartz, coal, etc., brittle substances being more easily pulverized 
than soft and tough ones, lilys bones, for which t&ese mills are now 
largely employed. They are also adapted to the grinding of drugs, 
grain, and other vegetable substances. Besides its cheapness, this 
novel method of grinding secures a far greater subdivision than can be 
attained by stamps, which fits the particles of ores for an instantaneous 
roasting or calcination in the second part of the process. This is 
effected in a tall cylindrical furnace, fed from the top with air, and 
with pulverized fuel and ore, and having at the bottom a water-tank 
to receive the solid products of combustion, after which the gases pass 
through a series of chambers, being drawn by a fan-wheel in a farther 
chamber, which throws the water into spray, and thereby greatly fa- 
cilitates the absorption and the production of sulphuric acid. A second 
spray-wheel farther on, fed with milk of lime, absorbs the remaining 
sulphurous acid from the furnace, and thus prevents the escape of 
noxious vapors from the furnace. This arrangement also permits, if 
desired, the complete utilization of the burned sulphur, by converting 
it into oil of vitriol, by well-known processes. The furnace is fed by 
a copious supply of air from large fan-blowers, and around its head 
are small fire-boxes opening into the furnace, the flame from these 
being drawn downward by the blast. Here comes into use an impor- 
tant method of applying fuel : coal, pulverized by the mills just de- 
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scribed, is floated in the descending current of air, and, being kindled by 
the flame from the fire-boxes, burns with great energy, producing a 
solid mass of fire, which may be compared to the oxidizing flame of 
the blow-pipe, but is made either oxidizing or reducing by varying 
the supply of fuel, and with an excess is so intensely luminous that it 
may perhaps be used as a source of artificial light. This mode of 
using fuel is also applied by Messrs. Whelpley and Storer to the heating 
of reverberatory furnaces, and to the generation of steam, and seems 
full of promise for the future of the arts, offering a great economy of 
fuel ; inasmuch as it is direct and simple, and moreover allows of the 
ready utilization of waste and comminuted coal, which is well adapted 
for this use. When once heated, however, this furnace requires but 
little fuel ; for the sulphuretted ores, borne downwards by the blast of 
air, burn with almost explosive violence in the hot atmosphere, evolv- 
ing much heat by their own combustion, and becoming #Dmpletely 
oxidized at the rate of two or three tons an hour. The calcined dust 
falls in the water beneath, where the movement of a screw propels it 
constantly forward. The water soon becomes charged with acid from 
the fumes condensed in the chambers which are built over the tank, 
and a large amount of copper is taken into solution, to be subsequently 
separated as copper of cementation. The insoluble residue, besides 
iron-oxide and earthy matters, contains a portion of oxide of copper, 
which must be rendered soluble by a second calcination, for a short 
time, at a low red heat, in a reverberatory or muffle furnace, with 
certain additions which render the whole of the copper soluble either 
in water or in dilute acids, and thus permit a complete separation of 
the metal from its ores with a cheapness and a celerity hitherto un- 
attained. These advantages are chiefly due to the new methods of 
pulverizing and oxidation embodied in the mills and the furnace. 
The details of the processes employed by the inventor for the prep- 
aration of spongy metallic iron to be used in precipitating the copper, 
and the treatment of the resulting sulphate of ironware matters which, 
like that of the economy of the sulphur, would lead us too far. The 
application of this furnace to zinc ores, the complete conversion of 
blende into soluble sulphate of zinc, its separation in this way from 
lead, and the subsequent treatment of the zinc salts, can here 
only be alluded to. In reference to gold ores, however, the bearings 
of the new system are most important. For gold-bearing quartz the 
5 
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minute division of the mineral effected by the pulverizers renders the 
process of amalgamation much more efficient. The particles of gold, 
instead of being flattened and extenuated as under the stamps, so as 
to be readily floated away on the water by simple washing, are 
rounded into pellets by the same action which reduces to dust the 
more brittle gangue. This same effect might probably render the 
mills valuable for working the mixture of native copper and rock 
found in the Lake Superior mines, by reducing the rock to powder, 
while the copper grains would accumulate in the cylinder, and could 
be removed from time to time. 

But it is especially for those ores in which gold occurs with larger 
amounts of pyrites, or other sulphurets, and wherever preliminary 
calcination is required to completely decompose and oxidize these, 
and possibly liberate a portion of chemically combined gold, that the 
new system will be found advantageous. Such are many of the Col- 
orado ores, which contain large amounts of gold, but yield only a 
very small proportion of it by the ordinary process of amalgamation. 
By the minute subdivision of such ores, their rapid and complete oxi- 
dation, and tlie solution and removal of the copper and zinc which 
they often contain, the gold will all be left free and ready for amal- 
gamation, or for extraction with chlorine. This process seems theo- 
retically perfect, and will, I believe, open a new era for the mining 
industry of Colorado and similar mineral regions. This series of 
inventions relating to the crushing and pulverizing of materials, the 
application of fuel, and the treatment of metallic ores, which the 
world owes to the genius and untiring energy of Messrs. Whelpley 
and Storer, is capable of such wide and varied application, that it is 
probably destined to have a very important influence on the industry 
of the world. 



6. On THE Peimevai;* Atmosphere. By Dr. T. Sterry Hunt, 
of Montreal, Canada. 

Dr. Hunt adverted, lA eomi^enciiig, to a theory, ^st put forward by 
him, to explain the chemical C4;>nditions of our globe. Starting from 
the notion of an igneous origin, he had cooAended, that the maas prob- 
ably commenced cooling at the cemtre^ and phm gave rise to a 
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drous solid nucleus, having a crust of silicates with an irregular surface, 
while the chlorine, carbon, and sulphur, together with all the hydrogen 
and an excess of oxygen, formed the atmosphere. As cooling from 
radiation went on, the first precipitate from this dense atmosphere must 
have been an intensely acid liquid, which, attacking the crust of sili- 
cates, separated vast amounts of silica and became saturated with earth 
and alkalies, forming the primeval sea. This condition of things he 
claimed was in strict accordance with known chemical laws, and flowed 
logically from the hypothesis of the igneous origin of our planet. The 
early ocean should thus abound in salts of lime and magnesia, and this 
is confirmed by the saline waters from the paleozoic rocks which rep- 
resent fossil §ea-water of that ancient period. Dr. Hunt here referred 
to his extended chemical and physical investigations of the older rocks, 
in relation to their mineral springs, in support of this view. 

The stronger acids of chlorine and sulphur having been separated 
from the atmosphere, a decomposition of the silicates of the exposed 
portion of the earth's crust, under the influence of carbonic acid, moist- 
ure, and heat, went on, resulting, like the modem process of kaoliniza- 
tion, in the production of a silicate of alumina or clay, and carbonates 
of the protoxide base. In this way great quantities of carbonate of 
soda were formed, which, decomposing the lime and magnesia salts of 
the sea, gave rise to the first limestones, and to chloride of sodium. 
Hence the clays, the limestones, and the sea salt were the joint re- 
sults of a process which was slowly removing from the air its carbonic 
acid, and fitting it for the support of higher forms of life. These views 
of Dr. Hunt, first put forward in 1858 and 1859, are gradually being 
received and appropriated by writers who do not always acknowledge 
the source of them. They are here insisted upon as preliminary to 
some considerations on the atmosphere of early times, when it must 
have contained, in the form of carbonic acid, the whole or the greater 
part of the carbon now present in the limestone strata of the earth, 
and in its beds of fossil coal. 

Simple calcalationa show tbiit the carbonic &dd contained in a layer 
of pure carbonate of lime extending over the earth with a thickness 
of 8»61 metres would, if set free, doable the weight of 0|ir atmosphere, 
auJ that fix>m 13.26 metres (about tbrty-four leet) would double its 
volume. It, moreover^ appears, that a &imiiar layer of ordinary coal, 
one mQire in thickuesBj would guilioe to coLivei't into carbonic acid the 
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whole of the oxygen of the atmosphere. So that if, as is probable, 
the whole amount of coal and carbonaceous matters in the earth 
exceeds this quantity, there must have been an absorption of the 
oxygen set free during the conversion of carbonic acid into coal; 
this oxygen being probably retained by peroxide of iron. Disre- 
garding this, however, and admitting that the carbonic acid, cor- 
responding to a layer of 8.61 metres of limestone (about 28 feet), 
were present in our atmosphere, the effects would be most remarkable. 
The heighth of the barometric column would be doubled ; the boiling- 
point of water raised to 121^ centigrade (250° F.), and as the ab- 
sorptive power of an atmosphere of carbonic acid is, according to 
Tyndal, ninety times that of dry air, the temperature of the lower 
regions of the atmosphere would be greatly elevated, and the whole 
climatic conditions of the earth modified. Yet, as the amount of car- 
bonic acid required to produce these results is probably but a small 
proportion of that now fixed in the limestones of the earth's crust, 
we should find this condition of things at a period geologically not 
very remote ; and, in still earlier times, the earth must have had a far 
denser and more highly carbonated atmosphere than that just sup- 
posed. The relations of such a condition of things to the animal and 
vegetable world furnish fruitful themes for conjecture and experiment ; 
and its influence on chemical processes is not less worthy of considera- 
tion, as a single instance will show. Some years since I pointed out 
that the explanation of the almost constant association of gypsum and 
magnesian limestones in nature was to be found in the fact that 
solutions of bi-carbonate of Jime and sulphate of magnesia decompose 
each other, with production of solutions of sulphate of lime and bi- 
carbonate of magnesia. By spontaneous evaporation, the former 
may be in part separated as gypsum; but, as in this process the 
bi-carbonate is changed into mono-carbonate of magnesia, this par- 
tially decomposes the gypsum, regenerating carbonate of lime, and 
the results of the experiment, in an ordinary atmosphere, are imper- 
fect I find, however, that by infusing into the drying atmosphere a 
large proportioji of carbonic acid, the separation by evaporation goes 
on regularly, ^d the gypsum is deposited in a pure state, enabling 
us thus to realize the conditions of earlier geologic periods, when vast 
beds of gypsum, with their accompanying magnesian limestones, were 
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deposited in evaporating basins at the earth's surface, beneath an 
atmosphere charged with carbonic acid. 

Ebelman has speculated on the probable existence of a much larger 
proportion of carbonic acid in the atmosphere of earlier geologic times, 
and Dana, Tyndal, and anterior to them the late Major E. B. Hunt, 
have considered its meteorological relations ; but the chemical history 
of this carbonic acid, considered with reference to its origin, its fixa- 
tion in the form of limestones, and its influence on chemical processes 
at the earth's surface, are points for the most part peculiar to the 
author, and, in part, now brought forward for the first time. 



7. On Cryophyllite, a new Mineral Species of the Mica 
Family, with some associated Minerals in the Gran- 
ite OP RocKPORT, Massachusetts.^ By Prof. Josiah P. 
Cooke, Jr., of Cambridge, Mass. 

The species of the Mica family, previously described, have the 
general formula 2RO,SiOa, and have an oxygen ratio of 1 to 1. 
At least, this may be regarded as the normal ratio, for the micas are 
very variable in their composition, and the analyses have given results 
varying all the way between the above ratio, which is usually re- 
garded as the normal type, and the ratio of 1 to 1^, which has been the 
extreme limit of variation hitherto observed. The new mica has the 
general formula R0,Si02, with the oxygen ratio of 1 to 2, and on 
this is based its distinction as a new species. Moreover, it is associ- 
ated with a second mica, belonging to the species lepidomelane, of the 
normal type, and the common mica of the granite rock of the region. 
Further, the lepidomelane of Rockport, although perfectly identified by 
its mineraltigical cUnriicters, varies iu its cumposition from the well- 
known normal type, and this variation may b€ traced to an admixture 
of cryophyllite. Lastly, cryophyllite and lepidomelane are isomor- 
pboug, and the adnuxture of the two li an e:saiitple of bomorphons 



^ TluB paper hoe 1>e^n p(iblUh«t1 fti Judtiitil C]l $d<9Ui?u luid 
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mixtures, studied by Rammelsberg and others, in the case of artificial 
salts. 

CryophyUite crystallizes in six-sided prisms with a highly perfect 
basal clearage, and yielding thin, flexible, and transparent laminae, 
which, when examined with a polarizing microscope, give a biaxal 
image, the angle between the optical axis varying from 55^ to 60*^. 
The crystals are trimetric, as shown both by the symmetry of the bi- 
axal image and the mode of twinning. The color of the laminse is 
dull emerald-green, like bottle glass, but the crystals are dichrous, and 
appear brownish-red in the direction of the lateral axis. Streak light- 
gray, with only a tint of green. Lustre brilliant, inclining to resinous 
or clearage face. Hardness 2 to 2.5. Sp. Gr. 2.909. Before the * 
blow-pipe very easily fuses, with some intumescence, to a grayish 
enamel bead, imparting to the flame a brilliant lithia reaction, and 
even fuses in flakes of considerable size in the flame of a candle ; hence 
the name after the analogy of cryolite. 

Of the analyses given in the following table, 1 and 2 were made in 
the usual way, but 3, 4, and 5, were made by a method described 
in the original paper above referred to, which gave primarily the 
amount of fluoride of silicon, but also incidentally the amount of silica 
and the sum of the weights of all the bases present, which furnishes 
an important test of the accuracy of the first two analyses. 



Analysis of CryophyUite from Rochport, 



Silica, 



2. 



8. 



Mean. Oxygen. 



51.53 51.54 51.65 51.37 51.36 51.49 27.46 



Fluoride of silicon. 






16.76 16.77 




0.33 0.35 


Sesquioxide of iron, 


2.00 1.94 


Protoxide of iron, 


8.00 7.96 


Mag^nesia, 


0.76 


Potassa, 


13.14 13.16 


Lithia, 


4.05 4.06 


Soda, 


trace. 


Rubidia, 


t€ 



3.29 3.34 3.62 



45.06 45.29 45.02 



3.42 

16.77 
0.34 
1.97 
7.98 
0.76 

13.15 
4.06 

trace. 



1.06=28.52 
7.82 
0.10 

0.59= 8.51 
1.76 
0.30 
2.23 
2.16= 6.45 

14.96 



Oxygen ratio, 14.96 : 28.52 

14.26 : 28.52=1 



99.94 
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Leptdomelane has the same crystalline form as crjophyllite, which 
it resembles so closely in crystalline characters and outward appear- 
ance, that it is not easy to distinguish the two by the eye alone. The 
clearage is basal and perfect, but not so eminent as in most micas, and 
the folise are not at all or only slightly elastic. Color black, and streak 
dark-green. Laminae opaque, unless very thin. Lustre very bril- 
liant, inclining to resinous on clearage face. Hardness 3. Sp. Gr. 
3.169. Before blow-pipe it fuses to a black enamel bead, which is 
highly magnetic, the fusibility being about that of iron garnet. Heated 
in closed tube gives off water, and its green color changes to pinchbeck ' 
brown. 

Ancdym of Rochport Lepidomelane. 

1. 2. 8. 4. 6. 6. 7. 8. Mean. Oxygen. 

Silicia, 39.50 39.49 39.79 39.43 39.55 21.09 

Fluoride of silicon, 0.62 0.62 0.19=21*28 

Alamina, 16.72 16.41 16.90 16.87 16.73 7.81 

Sesquiox. of mang. 0.63 0.58 0.59 0.60 0.18 

fiesquiox.ofiron, 12.21 12.01 11.98 12.07 3.62 

Protox. of iron, 17.57 17.47 17.41 17.48 3.88 

Magnesia, 0.64 0.59 0.62 0.25 

Potassa, 10.68 10.63 10.66 1.81 

Lithia, 0.60 0.57 0.59 0.32 

Soda, — ^ trace, 

Rubidia, " 

Water, 1.55 1.40 1.52 1.52 1.54 1.50 1.33=19.20 



100.42 
Oxygen ratio, 19.20 : 21.28. 

After an examination of the results of the above analysis, no one can 
doubt that the true oxygen ratio of the mineral is 1 : 1, and that 
the general formula is 2RO,Si02 or 2(iR*. \ -R.)3Si. This is not 
only the nearest probable formula, but moreover it harmonizes with 
the well established formulae of allied species and with the results of 
Soltmann's analysis of lepidomelane, a mineral which our Bockport 
mica resembles most closely in all its characters. Nevertheless the 
discrepancy between the actual and the probable ratio is very great, 
and cannot possibly be referred to impure material or imperfect pro- 
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cesses. Here, then, are the same unsatisfactory results, which have 
heen obtained again and again in the analyses of the micas, and have 
made it so difficult to reduce to order this important family of minerals. 
Fortunately we find at the Rockport locality what I believe to be the 
clew to the whole mystery. The common mica of the granite is there 
associated with a second mica containing twice as much silica, but still 
perfectly isomorphous with it in crystalline form. Now, if two iso- 
morphous salts crystallize together from the same solution, we obtain 
crystals which are mixtures of the two in definite proportions, the pro- 
portions depending chiefly on the relative quantity of each which may 
be present ; but also at times on other conditions less accurately de- 
termined.^ When the sedimentary rocks were undergoing the meta- 
morphism which converted them into the granite ledges of Rockport, 
or when by any other means this granite was formed, the two isomor- 
phous micas, described in this paper, did actually crystallize together, 
for so we find them ; and it is reasonable to suppose that the same 
results followed in the one case as in the other, and that the mica of 
the Rockport granite is an isomorphous mixture of these two distinct 
species. This conclusion, moreover, is favored by the fact that lepi- 
domelane — the species to which this mica undoubtedly belongs — con- 
tains in other localities neither lithia nor fluorine ; while, on the other 
hand, these same ingredients are strikingly characteristic of the lepido- 
lite micas, to which cryophyllite is allied. Assuming, then, that the 
lithia and fluorine in the analyses belong to the cryophyllite and not 
to the lepidomelane, we have endeavored in the following table to 
eliminate this disturbing element from our results. Thus, in column 1 
we have repeated the mean result of our analyses. In column 2 we 
have the amounts of the several ingredients of cryophyllite corre- 
sponding to 0.59 per cent, of lithia, deduced from the analyses of this 
mineral given above. Substracting these quantities from those in the 
first column we have the numbers in the third column. In column 4 
we have reduced the same to a percentage composition, and these 
numbers, according to our theory, represent the true composition of 
the Rockport lepidomelane. In column 5 we have placed for com- 
parison the analysis of lepidomelane by Soltmann. 

^ See Bammelsberg's important paper on this subject, Fogg. Ann., xci. 321. 
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ReducUon of Analyses of Lepidmiielane. 

1. 2. 8. 4. Oxygen. 6. Oxygen. 

Silica, 39.55 7.48 32.07 37.39 ....=19.94 37.40 =19.94 

Fluoride of silica, 0.62 0.50 

Alumina, J6.73 2.44 14.29 16.66 7.78 11.60 ^-^^ 
Sesquiox. of manganese, 0.60 0.05 0.55 0.64 0.19 

Sesquiox. ofiron, 12.07*0.29 11.78 13.74 4.12 27.66 8.29 

Protoxide of iron, 17.48 1.16 16.32 19.03 4.23 12.43 2.76 

Magnesia, « 0.62 0.11 0.51 0.59 0.24 0.26 0.10 

Potassa, 10.66 1.91 8.75 10,20 1*73 9.20 1-61 

Lithia, 0.59 0.59 

Water, 1.50.... 1.50 L76 1.56=19.85 



0.60 0.53=18.71 



9910 



100.00 

Oxygen ratio, 19.85 : 19.94 = 1:1. 
General formula, 2R0, 8102. Probable rational formula, 2 (^ rs, ^Ir.) ssi. 

The result of our calculation, as will be seen, is most satisfactory ; 
for not only is the oxygen ratio thus obtained exact, but also the num- 
bers agree very closely with those of Soltmann, the only apparent dis- 
crepancies disappearing when the sum of the alumina and the oxides 
of iron and manganese are compared together in the two analyses, and 
the difference in the distribution of the iron between the two oxides 
being unimportant if we assume with many mineralogists that these 
oxides may replace each other. 

The facts advAnced in this paper seem to show quite conclusively 
that the variation in composition of the Rockport lepidomelane from 
the normal type is caused by the admixture of a second isomorphous 
mica with a higher oxygen ratio, which we have called cryophyllite, 
and this being the case we may expect to find that similar variations 
in the composition of other micas are due to a similar cause, and it will 
therefore be interesting to search for the disturbing element at^ the 
various localities. Such an examination will be likely to reveal either 
the presence of cryophyllite itself or else of some new species analo- 
gous to it ; and, if the Rockport locality is any guide, such minerals 
are more likely to be found in feldspathic veins or nodules of the 
granite, rather than uniformly diffused through the rock itself. It is a 
fact worthy of notice, and which is quite evident from the above 
analyses, that the proportions in which cryophyllite is mixed with 
lepidomelane are quite constant in all the specimens analyzed ; and 
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ces .#^ 

bei ^^n k whoDjrin Bcooidanoe with the well known facts which 

mt iiMM0 ^^^ derehped hy Bammebberg and others in regard to the 

■p §B^'^^^ ^^^^ (^ iaomorpboua ealta when mixed together in the same 

^^ It BppetUTB &om these invest^ions that isomorphous salts 

[f ajstaUize together in eveiy proportion, but that, in 
nt least, any two given salts have, so to speak, a definite 
^_ ^ ^^ each other, and that when the point of saturation is passed, 
^P^^^^tM^ ^ ^^ ^^ ^ excess may be deposited in direct contact 
piir^ ^'^^^ ^^* "® mixtures of the two. Such experiments furnish 
^ti» ** ^ co^nteirjpan of the conditions which we actuaUj realize in th6 

^^ *^ ^e t^^ ™^^ described m this paper there are also associated 

W"^^ rt'^^^'^^^ which is frequently colored green, Albite, and 

»i ^^^^^^^ ^^^^ ^^ ^^^^ Zircon, distinguished by the strong curva- 

^ V^*^ rfie pyi*°"^ ^*^«- P^ the last a complete analysis has not 

^^fO ^ ^ ^ade, but it closely resembles in its mineralogical characters 




^ei^l^cone of Scheerer. 



PART II. 

B. NATURAL HISTORY. 



I. GEOLOGY. 



1; On the Ice Movements op the Glacial Era in the Val- 
ley OF THE St. Lattrence. By CoL Charles Whit- 
tlesey, of Cleveland, Ohio. 

In an article which will appear in the " Smithsonian Contributions " 
to Science, I have treated of the drift-period in a descriptive way. 
The rules of publication adopted by the Smithsonian Institution pre- 
clude theoretical discussions upon the subjects which appear in their 
volumes, and I take this opportunity to complete the expression of my 
views upon the ice-period. 

For the principal facts I refer to the forthcoming number of the 
" Contributions." It is necessary, however, to repeat some of them. 
From the easterly part of Lake Ontario, along th j waters of the upper 
lakes, as far as the Lake of the Woods, the drift materials are o^ fresh- 
water origins • 

The evidence on this point is all in one direction, without anything 
to lead to doubts. All the shells hitherto described are of fresh-water 
growth, or are land shells, or amphibious. The formation consists of 
three members, not always very distinct, but traceable on close exami- 
nation. In many instances only one member exists ; but where there 
are two, or more, they always occur in the same order. Beginning at 
the surface of the indurated rocks, as a base, and reckoning upwards, 
they are found as follows : — 
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1st. Blue mottled and red laminated marly clay, thickness some- 
times only a few feet, increasing to 500 and 600 feet, filling the lake 
basins, and rising several hundred feet above their surfaces. 

2d. Coarse water-washed sand and gravel, in beds of small extent 
locally, passing into compact ^' hardpan," not stratified. 

dd. Coarse boulder drift, frequently in layers of limited extent, and 
occupying the highest summits in the country. In all these members 
there are pebbles, which are transported, but mingled with those be- 
longing to the underlying rocks. 

As we rise in the series, the size of the pebbles increases, and also 
their number, and the proportion of fine materials decreases. Large 
boulders are rare in members No. 1 and 2, but when found they 
belong to the same rocks as those in No.. 3. The upper member 
(No. 3) is constituted principally of coarse gravel, stones, and bould- 
ers. There is generally earth»mingled with the coarse materials, but 
on the highlands adjacent to Lake Superior there are frequently seen 
tracts of boulders, without soil or gravel, embracing several square 
miles, and of great thickness. The middle member (No. 2) is due to a 
transition state from the laminated clay to the boulder masses. Here 
the beds of clay and sand alternate in limited bands, which taper out in 
all directions. In all the members there are found the leaves, branches, 
and trunks of trees, most of which are northern evergreens. 

They are not mineralized, and in general not entirely rotten, some- 
times quite hard and sound. Where there are patches of leaves and 
sticks in the .clayey portion, they are sometimes carbonized and 
brought to a state resembling lignite, communicating a dark color to 
the mass. The branches and trunks of trees are occasionally satu- 
rated with sulphate of iron, fiUing the pores and interstices. Teeth 
and grinders of the elephant, mastodon, and horse are found in the 
two jipper members, and in the alluvion, which rests upon them; 
showing that these animals existed here prior to the drift ersy'and 
survived after it had passed. 

Boulders are everywhere more numerous upon the surface than 
they are below it, owing to the degradation of the soil, by long expos- 
ure to the effects of rain and drainage. 

Terraces are universal. They are more bold and steep in the up- 
per or boulder member (No. 3), but characterize them all. Parallel 
ridges of sand and gravel are generally due to a modification of the 
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drift during the changes which occurred toward the dose of the ice- 
period. Osars are of the same origin. 

On the height of land south of Lake Erie there %re in the upper 
member numerous depressions like hillocks or osars revertedj which I 
have designated as ^^ drift cavities." As we proceed northward and 
westward these cavities are more marked and abrupt Along the 
highland west of Lake Michigan they are as steep as the earth and 
gravel will stand, and are called ^^ potash kettles." They exist along 
the sources of the streams, at an elevation of 300 to 500 feet above 
the lake, from the south boundary of Wisconsin to the sources of the 
Oconto river. I have observed them also to the north-west of Lake 
Superior. There are places where the total thickness of the drift for- 
mation reaches 800 to 1000 feet ; but there is no uniformity in the 
thickness of the different members. The elevation of the most 
prominent drift summits is very nearly uniform, ranging from 1200 to 
1600 feet above the ocean. But the most interesting phenomena con- 
nected with the superficial deposits is the universal presence of strias, 
grooves, hollows, and warped surfaces, wrought upon the indurated 
rocks beneath. 

Throughout the entire Lake Country, wherever the rocks are capa- 
ble of resisting the action of water and the atmosphere, they are worn 
smooth by some resistless mechanical force. On the very imperish- 
able beds, like quartz, magnetic iron, and trap, the lines are still fresh 
and sharply cut ; some of them very fine, like the work of a graver. 

In places there are long parallel troughs, from an inch or two to 
eight and ten inches deep. The compact limestone strata are polished, 
as though they had been subject to the worker in marble, only there are 
some scratches not obliterated. Hard, rocky projections are rounded 
off into domes, which are smooth, with parallel and curved lines en- 
graved on them. The low rocky islets, which barely rise above water 
level, and the highest summits are shapen into the same form, by the 
same agents. I have constructed an outline map of the Lake Country 
with a view to exhibit the extent and the paraUelism of these lines. 
[See author's map of the Lake Country.] 

In addition to my observations upon the bearing of these strise, I have 
resorted to the reports of surveys in the adjacent States and Canada. 
Most of the arrows are fixed by using the average of several measure- 
ments within a space selected arbitrarily. This average was deter- 
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mined by. selecting a tract, of the size of a county or more, where the 
bearings lie w\thin the same quadrant ; adding them together, and thus 
obtaining an approximate mean. It is impracticable to put each obser- 
vation upon a map of reasonable size. 

The direction of the arrows shows a remarkable uniformity in the 
direction of the glacial movement It was almost everywhere from 
north to south. In the Eastern States, where the mountains rise to 
5000 and 6000 feet above ocean level, it was modified by them, acting 
as obstructions, and turned aside into the valleys. Thus, in the State 
of Maine the general course coincides with the valley of the Kennebec, 
and in Massachusetts with that of the Connecticut 

Li the basin of Lake Champlain it was not uniform. One group of 
lines in the neighborhood of this lake agrees with the resultant lines 
along the Hudson river, all following the course of the great valley 
which extends from the St Lawrence, southerly, to the ocean at New 
York. On the highlands of Vermont and north-western Massachusetts 
the general bearing is more to the east, crossing the ranged of moun- 
tains. 

I am not advised of glacial etchings upon the mountains of New 
England and New York at a greater elevation than 3000 feet The 
Adirondacks are the counterpart of the mountains of New Hampshire 
and Vermont, rising to about the same elevation, and causing local 
changes of direction in the progress of the ice-mass. 

The same general topographical features must have characterized 
the northern part of the United States during the drift era as at present 
If that period should return, and the country should be again en- 
veloped with a covering of ice and nev^, rising to a height of 2000 
and 3000 feet, it would meet with the same obstructions and be turned 
into the same valleys. 

On the north of the St Lawrence the mountains do not attain the 
height of the New England ranges, and the movement would not meet 
with sufficient obstacles to change its course materially. It is the 
same throughout the country farther west, to the lower ranges of the 
Eocky Mountains. The highest land at the sources of the streams 
around Lake Superior is less than 2000 feet above tide. At the 
sources of the Mississippi it nowhere exceeds 1700 feet 

Throughout Michigan, Wisconsin, and Iowa, there is very little 
land where the most elevated point exceeds 1200 feet After passing 
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the northern end of the Alleghanies, near the southern boundary of 
New York, there are no obstructions which a glacier of 2(f>0 feet in 
thickness might not override till it should pass the Mississippi river 
500 to 600 miles. I accept the explanations of Agassiz and Desor, 
derived from their observations on the Alps, and of Drs. Hajes and 
Rink, in Greenland, as sufficient in reference to the fact of movement 
in all fields of ice and nev4. This motion is always towards the point 
of least resistance. 

When the fact of a glacial era in North America is established, these 
observations determine the fact of motion throughout the entire mass. 
The ice-etchings are found to have a southern limit, and this corre 
sponds with the southern limit of the boulders or errated rocks. 

This southern boundary of the ice-field is somewhat irregular, but 
its general course in the Mississippi valley is Hke that of the isother- 
mal lines, north-wdsterly and south-easterly, bearing to the north as one 
proceeds westward. If the poles of the earth then held the same po- 
sition as now, the paraUels of equal temperature should have been ob- 
lique to the meridian, as they are at present. 

In Greenland, the sea, by its higher temperature along the coast- 
line, dissolves the outer edge of that continental field of ice. In this 
direction there is less resistance to the expansion of the mass, and mo- 
tion is the result. 

During the ice-period in the valley of the St. Lawrence the ocean 
performed the same office as it does in Greenland now. If a line is 
drawn from north-east to south-west through the southerly part of Lake 
Huron, in the country easterly of such a line the general course of the 
striae is to the south-east or east of south. • 

This was not caused by a central chain of elevated land, from which 
the icy mass descended by gravity ; for, unless there have been changes 
of level, the highest land was between the St Lawrence and the sea. 
The north-easterly line through Lake Huron, along which the direction 
of the strisB changes from south-westerly to south-easterly, passes over a 
country lower than the New England mountains. It is also nearly 
parallel to the sea-coast opposite. If the ancient coast conformed in 
its general bearing with the present, we may thus account for a move- 
ment which should be approximately at right angles to it. It was, of 
course, modified by the contour of the country, the mass, of necessity. 
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settling into the lowest grounds, and following the long ftxis of the de- 
pressions. 

There might even be two movements over the same space at the 
same time, as there is in the progress of clouds, at different elevations, 
carried in different directions. For this reason, the course of the drift- 
grooves and strise on the summits of mountains is a better inde^ of 
the general bearing of the glacial motion than those in the valleys. 

Then, the dissolving edge of the ice-fields in the interior, instead of 
being at the level of the sea, as in the case of Greenland, was almost 
on the banks of the Ohio. Motion arising from the same causes 
would be at right angles to the line along which the ice was most 
rapidlj disappearing. The mass in the rear remained more and more 
solid, according to its distance from the thawing edges, which must be 
on the side of the equator. 

This vast field, extending from latitude 40^ and 42^ north, acted as 
a central mountain, from which, if there was any movement, it must 
be southeriy. So far as we have the bearing of the drift strise, they 
have a direction which seldom varies thirty degrees from the me- 
ridian. 

On the upper lakes, the departures from a south-westerly course 
can, in most cases, be seen to be due to local causes. I have indi- 
cated these irregularities by arrows that are shorter than those Which 
point south-westerly, and it can be seen that the south-easterly lines 
are exceptional. 

Along the Keweenaw range of Lake Superior the stri«e have on the 
summits a close parallelism aniong themselves and with those on Isle 
Boyal and the Iron mountaths of Marquette, bearing south 30° to 40^^ 
west But in the gorges which break the Ranges, they are north and 
south, south by east, and even south-east 

Local variations are tdso to be expected^ if we admit of different 
rates of motion. If one part of the field progressed faster than an- 
other, there must have been lateral movements. Where a thick and 
solid mass, covering an area equal to a county or a State, should 
intrude into a field less solid and moving more slowly, it must neces- 
sarily push some part of it aside and produce cross striae. 

As a whole, however, the movement over the country surrounding 
Lake Superior, and as low down as the middle of Lakes Michigan and 
Huron, was south-westerly. It was also nearly at right angles to the 
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line in the Mississippi valley, which indicates the southern limit of the 
erratic boulders and the drift striae. Taking out the cases 'where the 
direction of the diluvial grooves is modified by valleys, gorges, and 
mountains, their general bearing ia also nearly at right angles to the 
isothermal lines of that part of the continent. 

I conceive it is to this we should attribute their change of di- 
rection from sotdh-easterly to south-westerly in the interior. Judging 
by the boulders, the southern edge of the ice-field, on the west, ex- 
tended from near Dayton, Ohio, in a north-westerly course, to and past 
Dubuque in Iowa. Here, climate produced the same effects as the 
warmth of the sea. No icebergs could break off and float away as 
they would upon a coast, but the rays of the sun and a warm land 
atmosphere coming from the equatorial regions were suificient to waste 
away the mass. Large quantities of fresh water would thus be pro- 
duced, with currents sufficient to move and sort the earthy materials 
brought forward from the north. 

As the encroachment of the ice, in the commencement of the glacial 
era, must have been very gradual, so must its disappearance have occu- 
pied a long period. Both of them may be regarded as geological epochs. 
There must have been abundant time, during the withdrawal of the 
universal glacier, for a partial rearrangement of the loose materials. 
The present valleys must have existed prior to and during this era^ 
but much modified at its close. 

Fresh-water shells came into being. Timber which had existed 
prior to the era of cold would not decay while the temperature was so 
low, and seeds of preglacial plants might also be preserved. Such 
animals as did not perish retreated southerly, and when the surface of 
the earth again became habitable, they resumed their old haunts. The 
disappearance 'of the horse, mastodon, and elephant is due to other 
causes than the cold of the ice-period. Along the retreating edges of 
the field, the morasses, cavities^ and terraces could be produced by the 
combined action of moving ice and currents of water. 

In regard to the cavities in Ohio, Wisconsin, and Minnesota, the 
first iffipression upon viewing them is, that patches of ice were en- 
closed in earth, which afterwards, by thawing out, left the surface in 
the form of great pits, with a narrow rim between them. While it 
was disappearing the ice-mass would present, in the interior, a sloping 
Vol. XV. 7 
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and not a mural front, giving a greater southerly slope to the surface 
than it now possesses. 

This would facilitate the local southerly flow of water, which otber- 
wise, in a country so nearly level, would be very slow. From the 
source to the mouth of the Mississippi, it is less than one foot in a 
mile. 

The highest land along the line of dissolution should reappear first. 
Bidges of 300 to 500 feet elevation might thus be bare, while there 
were around the base and sides ice-masses still being pushed alon^ to* 
wards the south. There are high terraces, particularly those composed 
of large boulders, which suggest the idea of such a state of things. 

I attempt no explanation of the singular fact, that the fossils of the 
drift, from the easterly part of Lake Ontario to the ocean and beneath 
it, are of marine and not fresh-water origin. Sir Charles Lyell found 
them near Montreal, at an elevation nearly equal to that of Lake Erie. 
They are abundant at Ogdensburg and on Lake Ghan^lain, in the drift 
clays almost on a level with Lake Ontario. 

There is no evidence of a rise in the land along the lower St. Law- 
rence, and the valley of the Hudson since the ice-period. How marine 
and fresh- water shells should occupy the same horizon, without changes 
of level, is a question of interest for discussion. No present barrier 
exists between the fresh and salt water shells. An uniform settling of 
the land, so as to bring the summit of Montreal mountain to the surface 
of the sea, would let it into Lake Superior. 



2. On the Laurentian Limestones and their Mineralogt. 
By Dr. J. Sterrt Hunt, F. R S. 

r Abstractly 

The author alluded to the existence, in the Lower Laurentian sys- 
tem, of three limestone bands, or formations, of great but variable 
thickness, which might fairly be compared with the great limestone 
groups of the North American palaeozoic system. In addition to these, 
there is probably a fourth and newer limestone formation belonging to 
the Lower or true Laurentian, besides one or more in the unconform- 
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able overlying Labrador series, or Upper Laurentian. The three 
limestone formations first named are separated by great masses of . 
gneisslc and quartz ore strata, and are intimately associated with beds 
in which silicates of lime and magnesia prevail, together with graphite 
and various metallic ores. .The minerals associated with these lime- 
stones and their accompanying strata were next considered, and it 
was shown that they occur both disseminated in the beds and filling 
fissures or veins which traverse the strata. The importance, in a 
geological point of view, of these veinstones, which, from their mode 
of formation, might be named endogenous rocks, was insisted upon. 
They may attain very great dimensions, and may include any or all 
of the mineral species belonging to the adjacent stratification, variously 
grouped, and sometimes having a banded arrangement parallel to the 
walls of the vein. Among the characteristic minerals of these veins 
are caldte, at)atite, pyroxene, hornblende, serpentine, chondrodite, otho- 
clase, scapolite, phlogopite, quartz, garnet, idocrase, epidote, spinel, 
corundum, sphene, zircon, magnetite, and graphite. Some of these, 
occasionally occur in a nearly pure state, filling the veins, as graphite, 
pyroxene, and apatite. Veins of crystalline carbonate of lime, gener- 
ally including some one or more of the preceding minerals, are oflen 
met with, and it is these which have given rise to the notion main- 
tained in this country by Emmons, and in Europe by Leonhard and 
others, that crystalline limestone is either partially or entirely of erup- 
tive origin ; these calcareous veinstones having been confounded with 
intrusive dykes. From such veinstones a transition may be traced 
to those in which orthoclase and quartz prevail, often to the exclusion 
of lime and magnesia compounds ; we have then true granitic vein- 
stones in which tourmaline, beryl, and muscovite, cassiterite, and colum- 
bite are sometimes met with. These endogenous rocks, in which are 
often concentrated the rarer chemical elements of tl^e rocks, are to be 
carefully distinguished from int^sive dykes which are seotic rocks. 

Such veins are not peculiar to the Laurentian system, but are found 
in crystalline strata of various ages. The crystalline limestones of 
Scandinavia, which offer so many remarkable resemblances to those of 
New York, New Jersey, and Canada, are, however, of Laurentian age, 
and the nature of their veins has been well understood by Scheerer. 

The rounded angles of crystals of certain minerals from the calcare- 
ous veins of the Laurentian system, especially ^f the crystals of apatite 
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and quartz, which Emmons had supposed to be due to a commence- 
ment of fusion, is to be regarded as the result of a partial resolution 
of the previously deposited crystals, and as marking a stage in the pro- 
gressive filling of the veins. Crystals of orthoclase, pyroxene, sphene, 
and zircon, though accompanying these rounded crystals, retain the 
sharpness of their angles because of their permanence in the heated 
alkaline solutions which had circulated through these yet partially filled 
veins. 

The various mineraU^of these veinstones have been deposited iit>m 
aqueous and saline solutions at elevated temperatures, and the experi- 
ments of Daubree and of De Senarmont, and the microscopic ob- 
servations of Sorby, support this view. Plutonists begin to understand 
that water cannot be secluded from rocky strata, but is aU-pervading, 
and that at great depths, kept by pressure in a liquid state at an ele- 
vated temperature, and having its* solvent powers augmented by alka- 
line salts, it plays a most important part in metamorphism and the 
formation of veinstones. Hie author supposed, with Mr. Hopkins, 
that m earlier geological periods the increase of temperature in buried 
strata was &r more rapid than at present, so that great heats pre- 
vailed at comparatively small depths from the surface, and pro- 
duced great chemical and molecular changes. The temperatures at 
which the various silicated and other minerals, including graphite, 
had been dissolved from the strata and crystallized in the veins, he 
supposed to have been, judging from various analogies, between the 
melting-point of tin and low redness. 

The distinction between the apatite, graphite, and magnetite, dissemi- 
nated in the beds, and the same minerals in the veins, was particularly 
insisted upon. 

As to the ori^ of the principal silicious minerals of the lime- 
stones, sach as serpentine, chondrodite, pyroxene, rensselaerite and 
loganiie. Dr. Hunt regards these as having been directly deposited as 
chemical precipitates finom the seas of the time, and cites the example 
of the Eozoon CSanadense, an abundant fossil <^ the time, found im- 
bedded in these silicates, which cmdose it and fill the minate pcnea of its 
calcareous skeleton. To a similar chemical precipitation he attribntes 
the serpentines, talcs, chlorites, and epidolites, which oocor in more 
recent rocks, and may be found in their incipient state before the 
metamorphosis of these rocks, which has, for the most part, only 
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crystallized and re-arranged the already-formed amorphous silicates. 
The chemical agencies which gave rise to these silicates of lime, mag- 
nesia, iron, and alumina were briefly discussed and declared to be still 
active, although, probably, to a less degree than formerly. 



3. Section op the Bocks in Eastern Kansas. By 6. C. Swal- 
low, of Ck)lumbia, Missouri. 

SYSTEM L — QUATERNARY. 

FoBMATiON a — Alluvium. 

Na 1. — Soil — Everywhere. 1 to 6 feet ^ 
No. 2. — Sandbars — Missouri and Kansas rivers. 10 to 20 feet 
No. 3. — River bottoms — Sands, clays, pebbles, and vegetable mould 
or humus — All streams. 20 to 30 feet 

FoMATiON b — Bottom Prairies. 
No. 4. — Sands, clays, and marls — Large streams. 25 to 30 feet 

Formation c — Bluff. 

No. 5. — Silicious marls and sands — On all the highlands under the 
the soiL 1 to 150 feet 

Formation d — Drift. 

No. 6. — Sands, pebbles, and boulders — Generally distributed under 
the strata above-named, and resting upon the consolidated 
strata below. 1 to ^0 feet 

SYSTEM II. — TERTIARY. 

In Western Kansas, but not yet ob«»erved in Eastern Kansas. 
Vol. XV. 8 
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SYSTEM m. — CRETACEOUS. 

Bat partiaDj developed in Centnd Kansas. 

No. 1. — Brown ferroginoos, yellow and boff sandstone — Generally 
classed as cretaceoas, bat saw no positive proof of its age — 
Hills soath of Kansas river, near the month of the Saline. 
95 feet . 

SYSTEM IV. — TBIASSIC. (?) 

No. 2. — Brown sandy shales and marls, with their beds of earthy 
carbonaceoos matter or impare coaL Locality, same as ]No. 
1. 15 feeL 

No. 3. — Brown, red, baff^ and gray mottled standstone. Locality^ 
Republican, Smoky Hill, Cottonwood, and Fancy Creek. 
75 feeL 

No. 4. — Brown, drab, reddish, and greenish marls and shales. Lo- 
cality, same as No. 3. 32 feet. 

No. 5. — Fine buff magnesian limestone in thin, hard beds. Local- 
ity, Kansas River and Fancy Creek. 6 to 10 feet. 

No. 6. — Red, brown, purple, green, blue, and drab argillo-magnesian 
marls and shales. Some of these beds are intersected by 
their calcareous plates crossing each other at angles nearly 
right, forming a cancellated or chambered structure like the 
cancellated structure of bones a hundred times magnified ; 
the chambers or cells filled with sofl clay and lined with 
crystals and concretions of lime. Locality, same as No. 5. 
50 to 90 feet. 

No. 7. — White, granular and dark gypsum and fibrous selenite, with 
marly shale partings. Locality, Kansas and Gypsum Creek. 
42 feet. 

No. 8. — Red, blue, drab, and purple marls and shales. Locality, 
same as No. 7. 36 feet. 

No. 9. — White and colored gypsum^ and selenite, interstratified with 
various colored marls. Locality, Kansas river. 27 feet 
No. 10.* — Bluish and brownish drab shales and cancellated marls. 
Locality, same ^ No. 9. 25 feet. 

1 The sandstones, limestones, shales, marls, and gypsums of Nos. 2-10 were re- 
ferre4 to the Triassic with a (?) in 1858. The only evidence we then had of the 
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No. 11. — Fine, hard, black, porous limestone. Locality, head of Tur- 
key Creek. 

SYSTEM v. — PERM1A.N. 

No. 1?. — Blue, Urown, purple, and drab cancellated marls and shales, 

containing beds of gypsum and selenite. Locality, same as 

No. 11. 30 to 40 feet. 
No. 13. — Fine, hard, buff and drab magnesian limestone in their 

beds. Nuculas and BakeveUias. Locality, same as No. 11. 

5 feet. 
No. 14. — Brownish and bluish drab cancellated marls. Locality, 

Turkey Creeks and Cotton Wood. 20 to 30 feet. 
No. 15. — Cancellated Limestone* Similar in structure to the marls, 

No. 6, BeUerophons, Lpcality, same as No. 14. 3 to 10 

feet 
No. 16. — Concretionary Limestone. This is a yellowish drab argillo- 

magnesian limestone in heavy concretionary beds. Locality, 

same as No. 14. 2 to 15 feet. 
No. 17. — Calcareous Conglomerate, — not permanent. Locality, same 

as No. 16. 1 to 24 feet. 
Nos. 15, 16, and 17 — pass into each other by insensible gradations. 

They are not often found together, and are all well de- 
veloped. 
No. 18. — Black, porous rock, filled with fragments of fossils, wood 

and other materials. Locality, Turkey Creek. 6 feet 
No. 19. — Drab cancellated marls, interstratified with blue, green, and 

purple shales. Locality, same as No. 14. 
No. 20. — Greyish-buff, Cellular Limestone. Locality, Fancy Creek. 

2 feet. 
No. 21. — Bluish shale. Locality, same as No. 20. 2 feet. 

age of these beds was the position and lithological characters, and a single fossil 
which could not be distinguished from Nucula speciosa^ Mnnster, from the Muschel- 
kalk of Bindloch. Subsequent examinations haye strengthened the evidence we 
then had that this is the true .position of these rocks ;^but still the proof does not 
amount to demonstration, and it must remain in doubt till other discoveries deter- 
mine the matter. Our present knowledge is sufficient for all practical purposes, for 
we know their exact position in the series of rocks in Kansas, and their valuable 
mineral contents, and the places where the gypsum beds may be found. 
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No. 22. — Hard, brown-buff cellular Kmestcme. 4 inches. 

No. 23. — Bluish drab shale, with calcareoos concretions. 3 feet. 

No. 24. — Fine blaish-drab and boff magnesian limestone^ fall of 
Permian acephala, and Cepkalopods, Locality, Fancj 
and Torkej Creeks, and CottiMiwood. 6 fe^ 

No. 25. — Mariy Shales. Localitj, same as Na 24! 1 to 5 feet. 

No. 26. — Hard, grayish and binish-buff, porons oolitic fimestone, full 
of minnte acephala of Permian types. Locality, same as 
No. 24. 1 to 2 feet. 

No. 27. — Brownish-ba£r magnesian limestone. Fossils same as last. 
Locality, same as No. 24. 6 to 12 inches. 

No. 28. — Brown, sandy shales filled with AviculopecUn contteni. Lo- 
cality, same as No. 24. 6 inches. 

No. 29. — Blae and brown shales. Avundopeeten eonttens. Locality, 
same as No. 21. 6 to 12 feet 

No. 30. — Buff magnesian limestone. Locality, same as No. 24. 6 
inches. 

LowsB Pebmian. 

No. 31. — Brown, red, and blue shales. Numerous /Vm/ticft*, Oriki- 
sinoy Atkyris, Stenapara Orinoids and Oynocloduu, Lo- 
cality, same as No. 24. 3 to 20 feet 

No. 32. — Soil, impure, brown, porous magnesian limestone. Locality, 
same as No. 24. 6 to 8 inches. 

No. 33. — Blue and drab marls. Locality, Turkey and Fancy Creeks. 
1 to 15 feet 

No. 34. — Hard, blue and dark-buff limestone. Productus CaXhouni' 
anuSf Edmondia Hatcni, Monotis Savmi, MyaUna^ PinnOj 
etc. Locality, same as No. 33. 1 to 2 feet 

No. 35. — Blue and brown marls, sometimes cherty. Locality, same 
as No. 33. 1 to 2 feet 

No. 36. — Blue and brownish-drab, hard or soft limestone. Monotis^ 
Schizodus, BakeveBias, Pinna^ etc. Locality, same as 
No. 33. 1 foot 

No. 37. — Shales. Locality, Turkey Creek.* 7 inches. 

No. 38. — Hard, yellowish-drab magnesian limestone, with dark spot, 
^ and dendritic markings. Monotis^ Pecten, Schizodwy Avicu- 
loy etc. Locality, same as No. 37. 1 foot 
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No. 39. -V Blue, brown, green, and red shales and marls. Many fos- 
sils, nearly all of carboniferous genera. Locality, Cotton- 
wood, Carey and Fancy Creeks. 30 to 40 feet. 

No. 40. — Ist Cherty LimeiUme — is a brownish-buff magnesian lime- 
stone, with cherty concretions. Productus OalhounianuSy 
SemireticulcUus, {f) Athyris Suh^Uta^ (?) ArchaocicUiris. 
Locality, Cottonwood and Carey C||eeks. 4 feet 

No. 4L — Brown and drab indurated marls with chalcedonic geodes. 
Locality, Cottonwood and Carey Creek. 6 feet 

No. 42. — Buff and bluish-gray and brown, coarse, porous magAesian 
limestone, showing sun^cracks and ripple-marks. Locality, 
same as No. 41. Archaocidaris^ OrthisinOy Synocladictj 
OrinoidSj and Bvlanus,{^) 4 to 12 feet. 

No. 43. — Brown and blue marls. Fossils and locality, same as No. 
41. 12 feet 

No. 44. — 2d. Cherty Limestone — is hard bluish-drab, and very 
cherty. Productus^ Myalina^ and Spirifer, Locality, 
same as No. 41. 4 feet, 

No. 45. — Brown marls. Fossils and locality, same as No. 41. 8 feet 

No. 46. — Brown and buff cellular limestone. Locality, same as No. 
41. 1 foot 6 inches. 

No. 47. — Brown, blue, purple, and green shales and marls. Archce- 
ocidiris, Athyris, and Crinoids, Locality, same as No. 41. 
42 feet. 

No. 48. — Bluish-buff and brown magnesian limestone. Permian 
Acephcda. Locality, Carey and Fancy Creeks. 18 feet. 

No. 49. — Brown, blue, green, and drab marls and shales, with a few 
thin beds of limestone. Thamniscus dubiusj (f) Mtmotis 
Bawni, etc. Locality, Carey Creek. 41 feet. 

No. 50. — Drab and buff magnesian limestone. Permian Fossils — 
Locality, same as No. 49. 9 feet 

No. 51. — Blue and brown shales and marls. Athyris like Suhtilitcu 
Locality, same as No. 49. 12 feet 

No. 52. ^~ Fort Riley Limestone. — This is a buff, porous magnesian 
rock, in thick beds. Productus Calhounianus, Othisina, Shu- 
mardiana Archaoddaris, and AikeveUia^ etc. Locality, 
near Fort Riley, Cottonwood, Blue and Fancy Creeks. 
8 to 10 feet 
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No. 53. — Blue and brown shales. Locality and fossils, same as No. 

62.. 6 feet- 
No. 54. — 3d. Cherty Limestone is light-buff and magnesian. Local- 
ity, same as No. 52, Producta Calhounianay ArcJuBOci'- 
daris, Sptri/erlike Lifieaius^lOrthmna like UMraculum. 
40 feet. ^ 

No. 55. — Brown, blue, and red shales and marls. Locality and fos- 
sils, same as No. 52. 20 to 35 feet 

No. 56. — Myalina Limestone is a brownish-gray and buff magnesian 
limestone. Numerous Mycdinas of Permian forms. Lo- 
cality, same as No. 52. 4 to 8 feet. 

No. 57. — Blue, brown, and red marls and shales. Locality and 
fossils, same as No. 52. . 10 to 25 feet. 

No. 58. — 4th. Cherty Limestone is brown, buff, and porous cherty 
magnesian limestone. Locality, sand fossils nearly, the 
same as No. 54. 10 to 24 inches. 

No. 59. — Blue, drab, and brown marls and shales. Orthis, OhoneteSy 
Area, and Orinoids. Locality, same as No. 52. 8 to 21 feet. 

No. 60. — Thin sandy argillo - calcareous shales, full of Permian 
Acephala, Locality, near Fort Riley. 3 feet. 

No. 61. — Bluish-brown shales. Chonetes and Productus. Locality, 
same as No. 60. 3 feet. 

No. 62. — 5th. Oherty Limestone is a light drab and buff cherty mag- 
nesian limestone. Productus Ocdhounianus, Chonetes, Mu- 
cronata, Chihisina like Umhracvdum, Athyris like Suhtilita 
and Crinoids. Locality, same as No. 60. 12 feet. 

No. 63. — Brown, bluish-drab, green and purple shales and marls. 
Synocladia biserialis, Productus Norwoodi, Orthisina Shu- 
mardiana, etc. Locality, same as No. 60. 11 to 23 feet. 

No. 64. — Impure brown, porous limestone, with dark dots and den- 
dritic markings. Locality, same as No. 60. 4 feet. 

No. 65. — Blue and brown marls and shales. Locality, same as No. 
60. 15 to 30 feet. 

No. 66. — Light buff and drab argillo-magnesian limestone, in thin 
beds, with dark dendritic markings — Monotis and Bake- 
veUia. ' Locality, same as No. 60. 15 to 18 feet 

No. 67. — Blue and drab shales and marls. Locality, same as No. 60. 
No. 68. — Hard blue and buff magnesian limestone, -containing numer- 
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ous Permian Acephala. Locality, Cottonwood and Clark 
Creek. 1 to 3 feet. 

No. 69. — Drab shaly marls. 5 feet. 

No. 70. — Hard blue and drab mottled porous limestone. 1 foot 6 
inches. 

No. 71. — Brown, blue, and reddish marls. Locality, Clark Creek. 
5 feet. 

No. 72. — Bluish-gray limestone. Locality, Clark Creek. 3 inches. 

No. 73. — Brown and purple mottled shales. 7 feet. 

No. 74. — Hard, brown and blue limestone. 10 inches. 

No. 75. — Blue shales. 5 inches. 

No. 76. — Coraline Limestone, Soft blue and gray limestone. Mono- 
ti$ HaUi and Americana^ Productus Norwoodi, Synocladia, 
UsencUis^ Thamniscus duhiusy (?) Mdmondia Hawniy 
PhiUipsia Cliftonenmy etc. Locality, Cottonwood and Clark 
Creek. 3 feet. 

No. 77. — Blue, brown, and purple shales and marls. Locality, same 
as No. 76. 9 feet. 

No. 78. — Gray and drab porous limestone. Locality, same as No. 
76. 2 feet.. 

No. 79. — Blue, brown, and purple marls, some very much cancellated 
and a few beds of thin limestone. Ghonetes, Productus 
costahides, Orthisina Missouriensis, Synocladia hiserialisy 
Archaocidaris and Euomphelus. Locality, same as No. 
76. 38 feet. 

No. 80. — Fusulina Limestone^ buff, porous, and magnesian. Pro- 
ductus, ChotieteSf AUonsma, FusvUna, etc. Locality, Man- 
hattan, Cottonwood Falls, and Mill Creek. 6 feet. 

No. 81. — Blue, brown, purple, and green shales and marls, with cal- 
careous concretions and thin consolidated strata* Monotis, 
Edmonduiy Mycdina, Pecten, AUorisma, and BdUrophoUy 
nearly all Permian types. 31 feet 

No. 82. — Cotton Hock, a light crerm colored argiUo-magnesxan lime- 
stone, sometimes in thin beds with shale partings. It has 
numerous dendritic markings. Spirifer, Athyris, Fusulina, 
Productus, and Orinoids. Locality, Manhattan and Mill 
Creek. ;.^5 feet. 

No. 83^ — Bluish-brown marls. 1 foot 

No. 84. — ^^ Dry hone Limestone*^ — brown concretionary and can- 
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cellated limestone. Synocladia biserialis, Spirifer piano-- 
convexOy etc 5 to 15 feet. 
Nos. 82, 83, and 84 are sometimes represented by a bluish-gray and 
buff porous magnesian limestone, upper beds thick, below 
thin beds separated by .cellular partings, containing numer- 
ous Permian Acephala and ZaphrerUis and small Spirifer. 
Locality, Cottonwood. 

SYSTEM VI. — CARBONIFEROUS. 

Fa — Coal Measubes. 

No. 85. — Brown indurated and cancellated marls. Spirifer piano- 
convexa and cameratus (long variety), Fustdina, etc LiO- 
cality, Manhattan and Cottonwood. 2 feet six inches. 

No. 86. — Hard buff and gray limestone filled with fragments of 
fossils. Locality, same as No. 85. 1 foot 3 inches. 
• No. 87. — Buff, brown, and blue marls and shales. 8 feet 

No. 88. — Impure, soft brown and buff argillo-magnesian limestone. 
Locality, same as No. 85. 5 feet 

No. 89. — Brown shaly marl. 1 foot 

No. 90. — Blue and brown mottled limestone. 1 foot 

No. 91. — Brown, drab, green, and purple marls and shales. Retria 
punctilifora, Monotis, and Edmondia. 19 feet 

No. 92. ^~ Fine drab magnesian limestone. 10 inches. 

No. 93. — Blue, green, drab, brown, and purple shales and marls ; 
sandy shales near top and 'black slate near bottom. Athy- 
ris suhtilita, Archeeocidaris acvleatus. Locality, same as 
No. 85. 38 feet 

No. 94. — - Brown sandy shales. Locality, same as No. 85. 6 feet 

No. 95. — Brown calcareous sandstone with crystals of calc-spar. 
Locality, Manhattan. 3 to 4 feet 

No. 96. — Fusulina Shales. Dark-blue marly shale. Numerous 
Fustdincts and Carboniferous Brachiopoda, Locality, Man- 
hattan, Cottonwood and Mill Creek. 12 feet 

No. 97. — Black Slate. Fish scales and Discina Missouriensis. 1 
foot 

No. 98. — CoaL Locality, Manhattan and Mill Creek. 1 to 3 inches. 
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No. 99. — Impure brown limestone. Fish teeth. 1 foot 

No. 100. — Blue and brown shales. 5 feet. 

No.. 101. — Impure buff magnesian limestone. Many Fustdincts, 

No. 102. — Blue, brown, and purple shales. 25 feet 

No. 103. — Hard blue limestone. Productus and Crinotds. 1 foot 

No. 104. — Black, brown, and blue shales. 2 feet 

No. 105. — Impure bluish-brown limestone. Hydraidicy ProductiiSj 
Ohonetes, Spirifery and Orthisina, 10 inches. 

No. 106. — Blue, brown, and purple marls and shales, some sandy 
shales in thin strata. Locality, same as No. 98. 35 to 
43 feet 

No. 107. — Hard, drab, bluish and porous magnesian limestone. Per- 
mian Acephala, (?) 2 to 3 feet 6 inches. 

No. 108. — Drab, blue and greenish marls, often filled or replnced by 
black, white, buff and yellow selenite. Locality, same as 
No. 98. 1 foot 6 inches. 

No. 109. — Impure dark-brown shaly limestone. Carboniferous fos- 
sils. 6 inches. 

No. 110. — Dark-blue and drab shales. 2 feet 

No. 111. — Impure shaly limestone. Fucoids. 10 inches. 

No. 112. — Blue shale. 1 foot 

No. 113. — Coal. 1 to 3 inches. 

No. 114. — Blue shale. 2 feet 6 inches. 

No. 115. — Oxide of Iron — Local. 3 inches. 

No. 116. — Impure brown magnesian limestone. 1 foot 

No. 117. — Blue and brown argillo-arenaceous shales and marls. Lo- 
cality, same as No. 98. 17 feet 

No. 118. — Blue and brown impure limestone. {HydrauUc.) 1 foot 
3 inches. 

No. 119. — Blue, brown, and black shales. 9 feet 

No. 120. — Blue and drab magnesian marls, containing crystals of 
black selenite. Numerous Acephcda and Cephalopoda. 
Some like Permian types. Locality, Zeandale, and MiU 
Creek. 15 feet 

No. 121. — Hard, crystalline, grayish-blue limestone, with black dots 
and dendritic markings. Numerous small Acephala and 
Cephalopoda. Some like Permian types. Locality, same 
as No. 120. 2 to 10 inches. 
Vol. XV. 9 
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No. 122. — Bine, diab and biowii magnesian shales. Fos^s and lo- 
cality, same as No. 120. 6 feet. 

No. 123. — Hard, fine, reddish-brown and gray spotted limestone. 2 
feet 

No. 124. — l>rab, bine brown and grayish shales. 4 to 6 feet 

No. 125. — Buff and brown soft aigillo-calcareous sandstone. The 
lower part is calcareo-magnesian, full of chocdate-eolored 
pores and small masses of oxide of iron, — colors and 
pores arranged in thin strata which separate on exposure. 
Locality, Mill Creek. 1 foot 8 inches. 

No. 126. — Green, drab, and purple shale. 12 feet 

No. 127. — Impure brown porous limestone, and greenish-drab porous 
marls. ProducHUj RetricL, Spirifer, Orthigina. Locality, 
same as No. 121. 1 to 2 feet 6 inches. 

No. 128. — Blue, brown, and purple shales and marls. Fossils and 
locality, same as No. 121. 33 feet 

No. 129. — CoaL 4 to 10 inches. 

No. 1 30. — Fire clay. 6 inches. 

No. 131. — Brown and blue sandstone and shale. Localily, Mill 
Creek. 21 feet 

No. 132. — Impure brown and greenish-gray hydraulic limestone. 
Productm^ Chonetes, Pinna and Fuwlina. Locality, 
same as No. 131. 1 foot 3 inches. 

No. 133. — Blue argillaceous and sandy shales. 6 feet 

TNo. 134. — CluBtetes Limestans. This is a fine, hard, porous, impure 
limestone, varying in color from gray through ochreous 
brown to chocolate. The lower part is firm and brown, 
and the upper beds are blue and argillaceous. FumUna, 
Mf/alina, Zaphrentis, Orinotds and a ChateUs in irr^u- 
lar masses, or formed around a Zaphrentis or a Orinoid 
column. Locality, Mill Creek and Eastward. 

No. 185. — Brown and blue shales and mark, with calcareous concre- 
tions and bands of kidney ore. Locality, same as Na 1 34. 
45 feet 

No. 186. — Brown and bluish-gray limestone in one bed. Cktmetet 
and Orinotds. Looility, same as 134, 1 foot 8 inches. 

No. 137. — Blue and brown shales. 10 feet 
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No. 138. — Hard, dark, ochreous, brown limestone Locality, near 

Baptist Mission. 2 feet. 
No. 139. — Shale. Locality, same as No. 138. 5 feet. 

Chocolatb L][mestone Series. 

No. 140. — Chocolate Limestone, This is a coarse, rough, porous gray 
and chocolate limestone, full of a very large ventricose 
FumUnaj Productus Americantis, Calhoumanus and cora, 
Zaphrentis and Orinoids. Locality, Mill Creek and East- 
ward. 6 feet. 

Nq. 141. — Blue and brown sandy shales. Fossils and locality, same 
as No. 140. 11 feet. 

No. 142. — Thin, brown, impure limestone and calcareous sandstones, 
with shale partipgs. Locality, Verdigris Falls and west 
of Baptist Mission. 8 feet. 

No. 143. — Purple and blue shales. Locality, same as No. 142. 18 
feet. 

No. 144. — Brown micaceous sandstone. 3 feet. 

No. 145. — Blue, drab, red and gray limestone, passing into sandstone. 
Numerous Corah and Brachiopodd. 8 feet. 

No. 146. — Brown shales. 3 feet. 

No. 147. — Bituminous shale. 4 feet 

No. 148. — Gray, buff and brown limestone, passing into brown sand- 
stone below in some places. Numerous Corals and Brac^- 
iopoda. 9 feet 

No. 149. — Brown shales and sandstones. Numerous Corah and 
Brachtopoda. 9 feet. 

Stai^ton Limestone Series. 

No. 150. — Stanton Limestone. Rather coarse drab magnesian and 
brown limestone. ProductUs AmericanuSj Athyris Sub- 
tilita, and Archceocidaris^ etc. Locality, Mission Creek, 
Marais Des Cygnes, and Verdigris. 6 to 28 feet 

No. 151. — Argillaceous shales and sandstones. Locality, Marais Des 
Cygnes and Verdigris. 8 feet 

No. 152. — Blue pyritiferous shales. Locality, Verdigris. 9 feet 
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Na 153. — Bitaminous coal. Locality, Marais Des Cygnes and Ver- 
digris. 1 foot to 2 feet 6 inches. 

No. 154. — Gray and brown sandstone and shales. Locality, sanae as 
158. 12 to 50 feet. 

Cave Rock Series. 

No. 155. — Gave Limestone. Bluish-gray and brown jointed lime- 
stone, with marly partings in places. Spirifer hempUcatay 
ProductuSyAthyriSy Orinaids, etc. Locality, Beaver Creek, 
Sugar Creek, and Lecompton. 15 to 30 feet. 

No. 156. — Einstein Sandstone is a blue, brown, and gray sandstone 
and shale. Locality, same as No. 155. 45 to 60 feet 

Spring Rock Series. 

No. 157. — Gray limestone, spotted with brown in thin irregular 
beds. Locality, same as No. 155. 2 feet 

No. 158. — Sandstone and shales. Locality, same as No. 156. 15 to 
25 feet 

No. 159. — - Coal. Locality, Bull and Middle Creeks, Miami County. 
4 to 8 inches. 

No. 160. — Fire Clay. Locality, same as No. 159. Nos. 158, 159, 
160 are often replaced by a bluish-brown shale, filled with 
calcareous concretions. 4 feet 

No. 161. — Spring Rock. A hard bluish-gray and brown limestone. 
Locality, Beaver Creek, Marais Des Cygnes, and John- 
son's Creek, west of Topeka and Lecompton. 1 to 4 feet 
8 inches. 

No. 1 62. — Brown sandstones and blue shales, interstratified. Local- 
ity, same as No. 161. 4 to 38 feet 

No. 163. — Bituminous coal. Locality, West of Baptist Mission, at 
Johnson's coal bed, west of Topeka. 6 in. to 1 foot 6 in. 

No. 164. — Fire clay. Locality, same as No. 161. 1 foot 

No. 165. — Blue shales and brown sandstones, and bands of kidney 
ore. Locality, West of Baptist Mission, at Lecompton, 
and Beaver Creek. 35 feet 
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Well Rock Series. 

No. 166. »- Blue and gray limestone and porous chert, in thin beds 
interstratified with shales. Spirifer and Productus^ Aihy- 
ris, etc. Locality, Lecompton, Middle Creek, and Marais 
Des Cygnes. 5 to 7 feet. 

No. 167. — Blue shales. Locality, same as No. 166. 13 feet. 

No. 168. — WeR Rock. — Light-gray and hard brown limestone, with 
cherty concretions. When fully developed the upper part 
is coarse and porous, in heavy bands, numerous GaraU and 
Brachicpoda. Locality, Paris, Lawrence, Garnett, Ottawa, 
and LeaveniVorth. 10 to 48 feet 

No. 169. — Brown and blue shales and fine bluish-gray limestone, in- 
terstratified (in places all shale). Productus, Ckanetes, 
Spirifer, Corals^ and Crinoids, Locality, same as No. 
166. 2 to 6 feet 

No. 170. — Bituminous shale. Ditcina and Turbo. Locality, same 
as No. 166. 6 feet 6 inches. 

No. 171. — Hard, firm, blue limestone. Spirifer UnecUtu. Locality, 
same as No. 1 66. 1 to 3 feet 3 inches. 

No. 172. — Blue and brown shales. Locality, same as No. 166. 1 
to 4 feet 

No. 173. — Brown and gray cherty limestone, with shale partings. 
Numerous Corals and Brachiopoda. Locality, same as 
No. 166. 10 to 15 feet 

No. 174. — Blue and brown shales and brown and gi*ay shales and 
sandstones, with bands of iron ore. Locality, same as No. 
166. 75 to 100 feet 

No. 175. — Bituminous coal. Locality, Center Creek, west of Law- 
rence. 1 to 5 inches. 

No. 176. — Brown, green, and purple shales and marls, and buff and 
gray sandstones. Locality, same as No. 166. 55 to 90 
feet 

Marais Des Cygnes Coal Series. 

No. 177. — Hard, fine, blue limestone, with jointed structure, Spirifer 
lineatuSy Athyris siMlita and Orinoids. Locality, Sugar 
and Mine Creeks, Linn Co. 2 to 4 feet. 
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No. 178. — Brown sandstones, and blue shales, and bands of iron ore. 

Locality, same as No. 177. 38 to 51 feet 
No. 179. — Bituminous coaL Locality, same as No. 177, 2 inehes. 
No. 180. — Blue and black shale* Locality, same as No. 177. 3 feet. 
No. 181. -— Bituminous coal. Locality, same as No* 18^. 1 foot 8 

inches to 2 feet 9 in(^es. 
No. 182. — Black shale and fire-clay. Locality, Linn Co. 8 feet. 
No. 183, — Impure brown and bluish-gray limestone. Spiriferj I^ro^ 

ductus J Ohonetes, Myalinay Pecten^ etc Locality, Sugar 

Greek and Lawrence. 6 feet. 
No. 184^ — Brown and bufif regularly stratified sandstone. Locality, 

Muddy Creek, Linn Co. 45 feet. • 

No. 185.—- Blue shales and marls. Locality, Moiind City and 

Muddy Creek. 25 feet. 
No. 186. — Brown and bluish-gray limestone, with shale partings and 

numerous fossils. Locality, same as No. 185. 12 feet. 
No. 187. — Blue and brown shaly marls. Locality, Marais Des Cyg- 

nes and Mine Creek. 2 feet 
No. 188. — Fine, bluish-drab, concretionary limestone. Locality, same 

as No. 187. 4 feet. 
No. 189. — Brown and bluish sandstone and shales.^ Locality, Ma- 
rais Des Cygnes and Mine Creek. 45 feet 
No. 190. •*— Coal. Locality, same as No. 189. 1 foot 6 inches to 2 feet 
No. 191. — Black slate and fire-clay. 2 feet 
No. 192. — Bluish-drab compact limestone, with very large masses 

ChcBtetes. Locality, Marais Des Cygnes and Lidian 

Creek. 5 feet 
No. 193. »- Brown and drab shales, containing numerous concretions. 

Locality, Mill Creek, in Bourbon Co. 15 feet 
No. 194 — Blue, green, brown, and chocolate shales and marls. Lo- 
cality, same as No. 193. 30 feet 
No. 195. — Sandy shales. Locality, same as No. 193. 10 feet 
No. 196. — Brown, and dull brownish-drab sandstone in regular beds. 

Galamites. Locality, same as No. 193. 11 feet. 
No. 197. — Brown and drab sandy shales. Locality, same as No. 193. 

8 feet 
No. 198. — Blue shales, with bands of kidney ore. 17 feet 

1 Mine-Creek Lead Mines are in these rocks. 
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No. 199. — Bituminoiis and pyriliferous shale. 1 foot. 

Nos. 193-199 are represented by 45 feet of blue and brown shales, 

with bands of kidney ore on the Marais Des Cygnes, at 

Root's Coal Bed. 
No. 200. — Coal. Locality, same as No. 193 and Marais Des Cygnes, 

and Mound City. (?) 2 to 3 feet. 
No. 201* — Fire-clays and shales. 5 feet 

Pawnee Limestone Series. 

No. 202. — Pawnee Limestone ^ is heavy-bedded, porous and com- 
putet, coarse and fine, drab, brown and bluish-gray, cherty, 

concretionary and mottled. Chaietes and OrinoidSj etc. 

Locality, Indian and Pawnee Creeks, and south to Bone 

Creek. 20 to 55 feet 
No. 203. — Dull, brownish-blue, hydraulic, concretionary limestone, 

with pyriliferous shale partings. Locality, same as No. 

202. 6 feet 
No. 204. -^ Black slate. IHscinas. Locality, same as No. 202. 2 to 

4 feet 
No. 205. -^ Blue and brown argillo-sandy shales. Locality, on the 

Marmiton, above Fort Scott and Indian Creek. 5 feet 
No. 206. -^ Impure black shaly limestone fuU of fossils, and a bed of 

cone — in cone. Locality, same as No. 205. 6 inches. 
No. 207. — Blue and brown argillo-sandy shales, with thin bands of 

brown limestone and septaria of iron ore. Locality, Indian 

and Wolverine Creeks. 34 feet 
No. 208. — Black, impure shaly limestone, full of fossils* Spirifer^ 

ProditctuSf and Chonetes, Locality, same as No. 206. 1 

foot 
No. 209. — Coal and coal smut Locality, same as No. 206. 6 inches. 

^ The lower part of this limestone is almost exactly like the Fort Scott limestone, 
both in lithological characters and fossils ; hence it is very difficult to distinguish 
them when the upper gray beds of this limestone and the shales below are not ex- 
posed. Between Indian Creek and the Marmiton, both of these rocks crop out in 
the numerous ravines and slopes, and they are very much broken and disturbed, 
making it almost impossible to make a correct section of the rocks between those 
streams without this knowledge of the similarity of these limestones. 
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No. 210. — Brown and blue argillo-sandj shales, with a few bands of 
iron ore. 25 feet. 

Fort Scott Coal Series. 

No. 211. — Fort Scott Limestone is a bluish-drab and brown, irregularly 

bedded limestone, with many ProducH^ Ckonetes, and 
• Spirifers. Locality, Little Osage, Fort Scott, and south 

to Dry-wood and Bone Creek, and west to the Neoshe. 

8 to 18 inches. 
No. 212. — Dark brown shales and marlites and iron-stone. Locality, 

same as No. 211. 2 feet 
No. 213. — Black slate. Locality, same as No. 211. 4 feet 
No. 214. — Coal. Locality, same as No. 211. Cinches. 
No. 215. — Gray, blue, and brown fire-clays and shales. 5 to 8 feet. 
No. 216. — Impure brown and drab hydraulic concretionary limestone 

in one thick bed. Productus^ Spirifer^ Orinoids^ etc. 

Locality, same as No. 211. 6 feet 
No. 217. — Black slate containing large concretions of iron-stone. 4 

feet 
No. 218. — Coal. Locality, same as No. 211. 1 foot 4 inches. 
No. 219. — Fire-clay. 4 feet 
No. 220. — Impure brown mottled limestone. Spirifer like Camera^ 

tus but new. Locality, only on Dry wood. 2 feet. 
No. 221. — Drab and bluish fire-clays. This bed often passes into 

sandstone or sandy shales. Locality, same as No. 211. 

12 feet 
No. 222. — Blue and brown drab argillo-sandy shales, with sandstone 

layers and numerous beds of good iron ore. Locality, 

same as No. 211. 87 feet 

Fort Scott Marble Series. 

No. 223. — Hard, fine, black limestone. Locality, Little Osage, near 

Stat6 line. 3 feet 
No. 224. — Black slate. Locality, same as No. 223. 5 feet 
No. 225. — Blue and yellow shale. Locality, same as No. 223. 7 

feet 
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No. 226. — Fort Scott Marble is black, with numerous yellowish veins 

and crystallized shells, and it weathers brown. It takes a 
.good polish. Locality, " Slick-Rock Ford," on the Mar- 

miton, and on Moor's Branch above the " Military Ford." 

1 foot 6 inches. 
No. 227. — Blue and brown shales. 1 foot 8 inches. 
No. 228. — Black slate. Locality, same as No. 226. 2 feet. 
No. 229. — Coal, good. Locality, Little Osage, below State line. 2 

feet 6 inches. 

Lower Coal Series.^ 

No. 230. — Long slope to Middle Fork of Cow Creek, probably sand- 
stone and shale, and two beds of coal, one and two feet in 
thickness. 25 to 50 feet. 

No. 231. — Brown sandstone and sandy shales and iron ore. Locality, 
Dorsey's, on Middle Fork of Cow Creek. 10 feet. 

No. 232. — Brown and bluish argillo-sandy shales, with dark partings. 
Locality, same as No. 231. 12 feet. 

No. 233. — Brown and bluish argillo-sandy shales, with dark partings. 
Locality, same as No. 231. 12 feet. 

No. 234. — Bituminous Coal.^ Locality, Dorsey's Coal Bank. 5 to 
7 feet. 

No. 235. — Slope on East Fork, or Little Cow Creek. 10 feet. (?) 

No. 236. — Hard, brown and gray sandstone in thick beds, with 
jointed structure and shale partings. Locality, same as 
No. 234. 20 feet. 



1 The south-eastern part of the State, the only place where the lower coal-rocks 
come to the surface, is so level and the slopes are so gentle, and the soft shales and 
sandstones are so abundant, that the rocks are but rarely exposed ; and the ex- 
posures are so small and so far from each other, that it is very difficult to make a 
connected section with absolute certainty. We could expect to make only an ap- 
proximation to a connected section in the few days deyoted to this interesting region ; 
but, whenever any uncertainty exists in the rocks or their connections, it is fully in- 
dicated in the text. If more time could be devoted to this legion, a connected sec- 
tion could be made of this important part of the coal series. 

^ We saw but four feet of this coal, as the bank was caved in ; but it is reported 
to be seven or eight feet thick in places. 

Vol. XV. 10 
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No. 237. — Sandy and argillaceous shales. 10 feet. 

No. 238. — Coal and coal smut 2 to 6 inches. 

No. 239. — Shales and sandstone. Locality, Military Ford, on Cow- 
Creek. 15 feet. 

No. 240. — Red and brown shales with kidney ore. Locality, Shaw- 
nee Creek. 20 feet. 

No. 241. — Brown, hard, ripple-marked sandstone, with shale part- 
' ings. Locality, Brash Creek and Mound, 6 miles west of 
Baxter's Spring. 

No. 242. — Blue and brown shales, with black partings and numerous 
bands of iron ore. Locality, same as No. 241. 35 feet. 

No. 243. — Coal and coal smut. Locality, same as No. 241. 2 to 8 
inches. 

No. 244. — Blue and brown shales. Locality, same as No. 241. 50 
feet. 

No. 245. — Slope, probably sandstone and shales. 20 to 30 feet. 

No. 246. — Brown micaceous sandstone, some irregular, thick, soft beds 
and some shale partings below. Catamites. Locality, Neo- 
sho, 3 to 5 miles above State line. 40 feet. 

No. 247. — Gray and brown sandstone and kidney ore. Locality, on 
the Neosho at the State line, and 3 miles above. 2 feet. 

No. 248. — Blue shales with black partings, and many bands of iron 
ore, of which hundreds of tons are washed out on the Neo- 
sho, near the State line. Locality, same as No. 248. 12 
feet. 

No. 249. — Black and gray calcareous shaly limestone, full of fossils. 
Productus Ckonetes, Orthisina, Spirifer^ Corals, CrinoidSj 
etc. Locality, same as No. 248. 8 inches. 

No. 250. — Blue and black shale. Locality, same as No. 248. 2 feet. 

No. 251. — r Coal. Locality, siame as No. 248. 4 to 10 inches. 

No. 252. — Blue, brown, and black shales. 16 feet. 

No. 253. — Space in which the rocks were not seen. 25 feet. (?) 

F b. — Lower Carboniferous. 

No. 254. — Slope covered by fragments of chert and cherty fer- 
ruginous conglomerate and clays. Locality, Baxter's 
Spring and Branch. 10 feet. 

No. 255. — Gray and bluish-gray crystalline and granular limestone, 
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With intercallation of chert and homstone. Spirifer, Pro- 
ducius, Gkonetes, Platycrinus, and Zaphrentis. Oldest 
rock in Kansas. Locality, Baxter's Spring and Branch to 
Spring River. 110 feet. 



REMARKS ON THE ABOVE SECTION. 
Tertiary System. 

The rocks of this system are known to occupy a considerable por- 
tion of Western Kansas ; but we have had no opportunity of examin- 
ing these formations, and therefore cannot give any detailed description 
of them. The most important fact known respecting this series of 
rocks is that it contains extensive beds of Brown Coed, or Ligmte, 
which must be very valuable for fuel in a region possessing so little 
timber. They crop out along the Smoky Hill, and render that beau- 
tiful valley most desirable for agriculture, railroads, and manufactures ; 
whereas, without these beds of fuel, this valley must have remained but 
sparingly populated for centuries to come. 

Cretaceous System 

Also underlies a large portion of Central Kansas, The ferruginous 
sandstones, which cap the hills and ridges in Central Kansas, have been 
referred to this system ; whether correctly so must be determined by 
the examination of localities beyond the range of our explorations 
during the past year ; the cretaceous rocks, however, are known to 
exist in considerable force in Central E^ansas. 

Triassic System. (?) 

There is a series of buff, red and mottled sandstones, red and drab 
marls, buff, raagnesian and black limestones, blue and brown shales 
and gypsum, 344 feet in thickness, under the sandstone of the creta- 
ceous (?) and over the rocks known to be Permian. As a sufficient 
number of fossils had not been found in these strata to fully decide the 
exact age to which they belong, and as they resembled, in lithological 
and palaBontological characters, the Triassic rocks of Europe more 
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than any others, they were placed promiscuously in that group by Maj. 
Hawn and myself, in 1858 ; and as the facts and few imperfect fossils 
found since rather sustain this classification, it is not deemed advisable 
to make any chcinge in the arrrangement until future discoveries sball 
fully establish their position in the geological ages. 

It should be remembered, however, that the uncertainty about the 
age of ^ these rocks does not in the least interfere with our folly un- 
derstanding the mineral wealth contained in them, nor with our ability 
to fully develop it ; for we know the exact position of these rocks ^ in 
the series, the strata of which they are made up, and the valuable 
minerals they contain, and their wonderful fertilizing influence over 
the soils which rest upon them or come within the range of the waters 
that flow from them. 

These rocks extend in an irregular belt across the State, from the 
head-waters of the Blue and Fancy, across the Republican and Solo- 
mon and over the Kansas, between Turkey Creek and the Saline ; 
thence south and south-easterly up fhe Smoky Hill and Gypsum, 
Holland and Turkey Creeks ; along the northern slope of the divide, 
south of the Kansas, to the heads of Lyon and Diamond Creeks ; 
sweeping « thence westward across the Cottonwood and down the 
divide, south of that stream, to the Walnut and White Water. 

♦The gypsum beds in this location are variable in thickness, ranging 
from to 50 feet. Deposits of pure white gypsum crop out on the 
Blue, the Republican, and the Kansas, and on Turkey Creek ; and 
on the divides between the Gypsum and Holland, and between Tur- 
key Creek and the Cottonwood. The beds at the four last localities 
are very thick and miles in length. There are doubtless many other 
localities between the range of those rocks where these gypsums come 
to the surface, and which a more careful examination will develop. 

Permian System. 

There is a series of limestones, marls, shales, sandstones, conglom- 
erates, and gypsums, below the Triassic group described above, which 
belong to the same age as the Permian Rocks of Europe. 

Since the true position of these rocks was first announced^ in 1858, 

A See above section, Nos. 2-10. 

8 This discovery was first announced by myself February 22, 1858. See Trans. 
Acad. Nat. Science, St. Lonis. Vol. I. 
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the proofs of their identity with the Permian system have been con- 
stantly accumulating, until at the present time there is probably no 
geologist who has examined the matter and still doubts their identity 
with the Permian of Europe. 

We have made two divisions of those rocks in reference to the fos- 
sils they contain. The upper division comprises the limestones, marls, 
shales, conglomerates, sandstones, and gypsums in Nos. 12-^0 of the 
section above, representing a thickness of 148 feet. The fossils of these 
strata, so far as observed, belong to the Acephcda and Cephalopoda 
and Gastropoda, and no one of them has been identified with known 
Carboniferous species. 

In lithological characters these rocks are very similar to the rocks 
of the same age in Europe. The magnesian limestones and conglom- 
erates, (he various colored marls and shales, and the gypsums, all 
and each would well answer the descriptions given of the same rocks 
in Europe. 

These rocks occupy a narrow belt across the State, east of the Trias- 
sic group, as described above. 

This formation also contains beds of gypsum, which, together with 
the marls found in all parts of the series, have a most b^eficial in- 
fluence upon the soils, and will, to a great extent, control the produc- 
tions, population, and wealth of Central Kansas. 

Lower Permian. 

This series, like the Upper Permian, is made up of a succession of 
magnesian limestones, blue, drab, red and green marls and shales, red 
and buff sandstones and conglomerates and gypsums ; but there are 
more blue shales, like those in the coal-measures below. These T6cks 
contain nearly or quite all the fossils found in the Upper Permian, 
and in addition a few species ^ common to the upper coal-measures, and 
perhaps a very few not found above or below. 

It is a remarkable fact that the Permian and Carboniferous types 



^In 1858 I expressed the opinion, based upon the collection sent me by Maj. 
Hawn, that " although the Permian apeci&s are so much more numerous, the Car- 
boniferous specimens are much the more abundant." But, after a personal examina- 
tion of these rocks, I am fully satisfied that the Permian fossils are by far the 
most numerous even in the lowest strata. 
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are seldom if ever mingled in the same stratum, though both occar in 
thin beds alternating with each other. The Carboniferous forms asually 
occur in blue argillaceous shales and in the blue limestones, and Uie 
Permian in the magnesian and sandy limestones and drab magnesian 
shales and marls ; so that the character of the fossils follows the litho- 
logical characters of the rocks in which they occur. Wherever the 
rocks are of a Carboniferous character we may expect to find fossils of 
Carboniferous types, and where the rocks are of a Permian character 
the fossils are also Permian. 

The magnesian material and Permian fossils increase towards the 
south. They are much mere abundant on the Cottonwood than on the 
Kansas and the Blue. Shales and Carboniferous fossils are not so 
fully developed on the former stream. 

A large number of these strata exhibit indications of shoal water in 
the sun-cracks, ripple-marks, and small piles of fossils and fragments 
washed together on their surfaces. 

These Permian strata so graduate into and are so nearly conforma- 
ble to the coal-measures below, that no want of conformability can be 
detected by examining any one locality, though the line of junction be 
traced a Iqng distance ; yet, where sections are made across the line of 
junction, at distant points, it becomes evident that there is a striking 
non-conformability. When the sections made across this line on the 
Kansas, at Manhattan and above, are compared with those on the 
Blue, though separated several miles, there is no difficulty in identify- 
ing all the important strata in one with those in the others, and when 
these sections are compared with those on Mill Creek, some 25 miles 
east, and those on the Cottonwood, 60 miles south from Manhattan, 
the prominent beds are easily identified down to the lowest bed of the 
Permian, No. 84 of the above section ; but Nos. 85-95 from the sec- 
tions near Manhattan are not found in the Mill Creek sections, where 
No. 84 rests directly upon the Fusulina shales. No. 96. These facts 
present a striking illustration in our geology of Prof. Sedgwick's re- 
marks on the Permian of England : — 

"Through many large tracts of country .... it (the Mag- 
nesian limestone) rests on the coal-measures, and seems to partake of 
their dip and inclination. It is therefore only after an extensive com- 
parison cf the two formations that we can make out their general want 
of conformity." — (Geological Trans., Vol. III., 2d Sec, p. 56.) 
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In another paper : — 

" Again, though the lower red sandstone of Yorkshire and Durham 
appears in some cases to graduate into the coal-measures . . . ; 
yet, when considered on a great scale, it is unconformable to them, and 
on that account was separated from th^m." (Geological Trans., Vol. IV., 
2d Sec, p. 397.) 

These extracts express the facts as they exist in Kansas, and give 
one good reason why the line of separation should be made where it 
is. But the main reason for the separation here is the fact that the 
Permian fossils come down in force to this line and but few go below ; 
while a few species only of Carboniferous fossils are found above it, 
and in the shales immediately below there are at least thirty species 
and millions of specimens. 

The rocks also change in lithological characters. The blue shales 
increase ; the limestones are less magnesian and more argillaceous and 
ferruginous ; * dark, nearly black, fossiliferous argillo-shaly limestones 
and thin bands of spathic iron come in ; bituminous shales and thin 
coal-beds begin to appear ; and the marls, limestones, and shales below 
no longer present the marked cancellated structure so characteristic of 
those rocks above. 

CARBONIFEROUS SYSTEM. 

Coal-Measures. 

This formation occupies the surface of nearly all Kansas east of the 
eastern boundary of the Permian rocks (an area of over 17,000 square 
miles). This boundary crosses the State in an irregular line from a 

1 The magnesian limestones weather white, while the ferrnginons become brown 
on exposure. This change in the color of the surface limestones is very obvious to 
one passing over the line between these formations. One travelling from the Mis- 
souri to Manhattan on the north side of the Eaw, or to near Wabaunsee on the 
south, over the coal-measures, will find nearly all the limestones brownish ; but at 
those points he will find the limestones in the tops of the hills white, and nearly all 
between these points and the Triassic sandstones near Salina are of the same color. 
The same facts may be observed on the Blue, on Mill Creek, on the Cottonwood, 
and the Verdigris. These changes are so obvious that men unacquainted with ge- 
ology have observed and mentioned them. 
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point on the northern boundary near the 96th parallel, through Manhat- 
tan and Emporia, and thence south across the head-waters of the Ver- 
digris and Fall River. 

The coal*measures are made up of numerous limestones and sand- 
stones, shales and marls, spathic iron, fire-clay, and coal, Nos. 85, 254, 
of the above section. These strata lie in a position nearly horizontal, 
with numerous undulations and a slight general dip to the west, show- 
ing no signs of local disturbances save in a few localities. The most 
important ones observed were between the Marais Des Cygnes to Fort 
Scott, where the strata are often fractured and tilted up by some forces 
not now in action. 

The lowest of these strata come to the surface in the south-east, and 
as the counti*y rises to the north-west the higher beds successively come 
to the surface, resting upon those below until they reach a thickness 
of 2000 feet, ^ as measured along the outcropping edges. The relative 
position of these strata may be well illustrated by the courses of shin- 
gles on a roof, only the lower shingles should be long enough to reach 
the ridgepole under the upper layers, as the lower rocks probably do 
in their western extension. 

Nearly all the important beds of limestone become thicker towards 
the south and east,^ where they come to and occupy the surface. To- 
wards the west and north these limestones are hard, subcrystalline, blu- 
ish-gray, or brown and cherty, and this part of these beds remains very 
persistent, while the increased thickness to the east and south is pro- 
duced by the addition of higher massive beds of coarser gray and buff 
porous magnesian limestones, more or less stained with iron, especially 
in the pores. These upper beds usually appear as if made up in part 
of small fragments of fossils and other calcareous matter. They also 
contain fossils, which run through this portion of all the limestones thus 

^ Though this is the measured thickness of the coal strata, they will not be found 
so thick at any given point, for in the east some of the upper beds are wanting, and 
in the west, where all are present, they are not so thick as at their outcrops, where 
the measurements were made. 

They cover the surface over an area of 17,000 square feet, and then run beneath 
the Permian rocks westward. 

^ As an illustration, the thickness of the Well Rock, No. 166, is only 10 feet at 
the Ferry near Lecompton, while on Sugar Creek, in Anderson Co., it is 48 feet. 
The thickness of the StcuUon LimesUme, No. 151, is only 6 feet at the Baptist Jl^s- 
sion in. Shawnee Co., but on the Marais Des Cygnes, in J^^ami, it is 18 feet. 
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thickened, and are more abundant in them than elsewhere, or even in 
the lower portions of the same formations. Two or three species of 
ArchcBocidaris and a large Aihyris are abundant and Productm Ameri- 
canus more rare in these beds. * 

The sandstones and sandy shales are also thicker towards the south- 
east, and are more generally irregular than any others of these .forma- 
tions, — old beds thinning oufr and new ones coming in between the 
more persistent and regular strata of shale?} and limestones. 

These characteristics being so common to the upper beds of so many 
of the limestones make it very difficult to distinguish these beds from 
each other and keep the true position of each throughout the vast ex- 
tent of country over which some of them come to the surface. The 
Well Rock crops out on Sugar Creek, in Anderson Co., as a* coarse 
gray, rough limestone, 48 feet thick, at the ford of the Marais Des 
Cygnes, on the " Telegraph Road." It is a fine drab compact lime- 
stone, 8 feet thick, with an entire new set of fossils. Thence it may 
be traced from stream to stream and slope to slope, till found near 
high-water mark at Lecompton, and in the tops of the ridges at Law- 
rence. This last position it holds in the ridges to Leavenworth, where 
it is bluish-gray, brown, and subcrystalline. 

The coal-beds are also thicker towards the south and east, though 
there are exceptions ; but the most important irregularity observed is 
the want of persistence or continuity in these beds. Along the eastern 
edge of this vast coal-field * the coal-beds are much more persistent. 
As a general rule, the south-eastern portion of a coal-bed is more per- 
sistent than the north-western, and the lower beds more so than the 
upper ones. This is one of the reasons why the coal is so abundant 
and can be found with so much certainty along the eastern outcrop 
of the lower beds, extending from Fort Gibson to Forts Smith and 
Scott, and thence across the Osage through Bates, Johnson, and Saline 
counties in Missouri, and through Boone, Howard, Randolph, and up 
the Chariton valley into Iowa. Everywhere along this line shafts 
can be sunk upon the lower- coal-beds with an almost absolute cer- 

1 This coal-field occupies a large part of the Indian Territory south, all eastern 
Kansas, the north-western half of Missouri and southern Iowa, and south-eastern 
Nebraska. Its western boundary extends from a point west of Council Bluffs in 
an irregular line into Kansas, and thence through Manhattan and Emporium and 
south to the Verdigris and Fall River. 

Vol. XV. 11 
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tainty of success. But farther west, and along the outcrop of the 
upper beds, mining operations for coal will be much more precarious. 

The geologist can tell with certainty where the rocks containing 
each coal-b^d can be found, and at about what depth ; but this irregu- 
larity, or want of persistence, in the coal-beds renders it somewhat 
uncertain whether the coal will be found in its usual place. 

But this slight variation from the usual characters in our coal-beds 
will not much diminish the vast quantity of coal in the State, or ren- 
der them less important in an economical point of view. 

As given in the section of the Coal-Measures, we have discovered 
twenty-two different beds, varying in thickness from a few inches to 
seven feet. 

Beds of Carbonate of Iron, Spathic Ore, or Kidney Ore, are abun- 
dant in the middle and lower portions of this formation. 

An examination of the section will show the position of the numer- 
ous beds of hydraulic limestone and fire-clays which have been dis- 
covered. 

At one locality, on Mine Creek, a good show of galena was ob- 
served in the sandstones and shales of the Marais Des Cygnes Coal 
Series. 

Lower Carboniferous. 

The rocks of this formation consist of chert, cherty-conglomerate at 
the top, and coarse, gray limestones and hornstones below. They first 
come to the suiface in a branch norlh of Baxter's Spring, and were 
next seen at Baxter's Spring and down the branch to Spring River. 
A thickness of 120 feet was exposed at these places. 

This is the lead-bearing limestone of south-west Missouri. The 
extensive and rich mines at Gi'anby, Cenii e Creek, and Turkey Creek, 
east of the State line, are in these rocks, and these deposits and veins 
of lead may be expected in Kansas as well as' in Missouri. 

These are the lowest and oldest rocks in the State. They occupy 
the surface over a small area only in the south-east, and then dip 
beneath the coal-measures in theii' extension to the north and west 
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4. Against the Supposed For&ieb Plasticity op the Pud- 

DINGSTONE PbBBLES OP PuBGATOBY, EhODE IsLAND. 

By B. S. Lyman, of Philadelphia. 

At the last meeting of this Association, at Newport, Mr. Charles H. 
Hitchcock inferred the former plasticity, under metamorphosing in- 
fluences, of the pebbles of the Puddingstone, at Purgatory, near New- 
port, from their elongated shape and parallel arrangement and their 
fitting occasionally into -the depressions of each other's surface. I 
have lately visited the locality, and feel bound to state that I could see 
in the rock no evidence whatever of the former plasticity of its peb- 
bles. They have, in every respect, the appearance of pebbles on our 
present shingly beaches, owing their flat shape to the original schis- 
tosity of their rocks, and perhaps to the fact that they were, while 
rolled by the water on the beach, too near the surface of the water to 
be frequently rolled over and over by it. The parallel arangement of 
the pebbles in the rock is but a preservation of their natural position 
on the beach. Moreover, many of them show their original schistosity, 
and it is in every variety of direction, instead of being parallel in the 
diflerent pebbles, as it would be if produced by metamorphism afler 
their deposition as pebbles. The pebbles are in places replaced by sand, 
making large bodies of false-bedded greenish-gray sandstone, similar 
to that into which the Puddingstone passes below ; a sandstone that is 
easily cut, and seems to be little metamorphosed, if at all. The whole 
of the point or ridge between Purgatory and the bathing (or Easton's) 
beach, westward, is anticlinal in structure, and the Purgatory Pudding- 
stone appears also at the east end of the batlung-beach. A good 
thickness of the sandstone below appears at the southern end of the 
point, near the middle of the anticlinal arch. It can be seen with a 
little difficulty, but I think plainly, that the rocks at Purgatory dip 
steeply eastward. The rocks west of the bathing-beach dip easterly 
again, so that the beach and little bay occupy, apparently, a simple 
synclinal. ^ 
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II. BOTANY AND ZOOLOGY. 

1. The Fruit-bearing Belt op Michigan. By Prof. Alex- 
ander WiNCHELL, of Ann Arbor, Michigan. 

The hjdrographical position of the lower peninsula of Michigan 
gives rise to climatic conditions which possess a high degree of in- 
terest and industrial importance. The full effect of the situation has 
not been understood till within a recent period ; and, so far as its in- 
fluence upon the industry of the State is concerned, is, to the present 
time, rather anticipated than experienced. I refer to the equalizing 
influence of the " great lakes " upon the climate of the State, especially 
that of the western slope. 

Lake Michigan, being a body of water 350 miles long, and, on an 
average, 75 miles broad, with a depth of about 900 feet, is enabled to 
preserve something of that uniformity of temperature which character- 
izes the ocean, and exerts a similar influence upon the contiguous 
lands. The temperature of the water in the open lake never rises 
above 45® or 50°, and probably does not sink below 35° or 40°. The 
great body of the lake is never frozen over. The winds moving over 
its surface are consequently warmed in cold weather and cooled in 
warm weather. As the prevailing direction of the wind, both summer 
and winter, is from the westerly points of the compass, the influence 
of the lake is most extensively felt along the eastern or Michigan 
shore. The amount of this influence diminishes toward the interior, 
but is distinctly felt, in extreme weather, in all parts of the State. The 
region of country along the lake, however, for a distance inland which 
may be put at about 40 miles, enjoys a climate of a decidedly local 
character. The amount of this influence, and its importance upon the 
agricultural economy of the State, induce me to make this attempt to 
direct more special attention to the facts. 

Exact statistics of the climate ^ave not been preserved along the 
southern portion of this belt, from St Joseph to the Grand Traverse 
region. The contrast in the crops and general vegetation, however, 
on the opposite shores of the lake, corresponds to a very considerable 
difference in the extremes of the climates. When the thermometer is 



BOTANY AND ZOOLOGY. 85 

40° below zero at Janesville, Wisconsin, it is 80° below at Chicago, 
and 20° below at Kalamazoo, 45 miles east of the southern portion of 
the lake. During the prevalence of the severest cold of last winter, the 
mercury stood from 15° to 20° lower at Milwaukie than at Grand 
Haven, immediately opposite. 

In the northern portion of the belt under consideration, reliable 
meteorological statistics have been preserved. This region is known 
as the "Grand Traverse region," and lies around the bay of that 
name, — a navigable arm of Lake Michigan, projecting southwards 
into the interior ^ distance of 35 miles, and having a mean breadth of 
about 10 miles. This region has a mean latitude of about 45°, with a 
mean elev:Uion above the sea of about 800 feet. It lies in nearly the 
same latitude as Nova Scotia, the middle of Maine, northern Vermont 
and New York, and St Paul, Minnesota. Having recently reported 
at length upon the physical features of this region, I shall refer to that 
report for details.^ I propose to cite here only a few general conclu- 
sions from the facts in my possession. 

I have directed special attention to the winter climate, since this is 
the season which, in high latitudes, is generally regarded as exerting 
the most unfavorable influences upon vegetable and animal life. I 
have taken a series of thermometrical observations, kept at Traverse 
City, at the head of Grand Traverse Bay, and compared them with 
observations reported from various other localities east and west, which 
lie nearly in the same latitude, and with other localities two or three 
degrees further south. The localities selected as lying nearly in the 
latitude of Traverse City are Manitowoc, Wis., Hazlewood, Minn., St. 
Johnsbury, Vt., Gardiner, Me., and Montreal, C. E. As representa- 
tives of more southern localities, I have chosen Ann Arbor, Mich., 
Janesville, Wis., and Dubuque, Iowa. 

Of the co-latitudinal localities it will be observed that Manitowoc is 
located immediately on the western shore of Lake Michigan, and has 
Green Bay lying not over 35 miles to the north. It necessarily ex- 
periences, therefore, some modification of its winter climate from the 
influence of those large bodies of water. In this respect, it seems even 
to be more favored than Milwaukie, 75 miles further south, which has 
colder winters, — the difference, perhaps, being the measure of the in- 
■ , 

i " The Grand Traverse Region." By A. Winchell, 1866. 
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fluence of Green Bay upon the winter climate <^ Manitowoc. Hazle- 
wood^ Montreal, and St Johnsbury are situated inland, and may be 
taken as fairly representing the continental temperatare on their par- 
allels, as unmodified by large bodies of water. 

The comparisons instituted have been of three kinds : (1-) Between 
the mean temperatures of the wintry months, embracing December, 
January, February, and March. (2.) Between the mecm minima ci 
the several wintry months. (3.) Between the extreme minima of the 
several wintry months. The following is an abstract of the results of 
such comparisons: — 

The adaptation of a winter climate to the safe wintering of fruit- 
trees and farm crops is not indicated by the mean temperature of 
the winter, nor by the mean temperatures of the several months. 
Nevertheless, when this comparison is made, we perceive that the 
climate of " Xraverse City " is milder than that of any of the locali- 
ties brought into comparison with it. In the month of December, 
Manitowoc is over 1° colder; Hazlewood, 12^°; St. Johnsbury, 8^° ; 
Gardiner, 5^° ; Montreal, 7® ; Ann Arbor, 1^°; Janesville, 2|°; Du- 
buque, 1®. 

In the month of January, Manitowoc is 2^^ colder than Traverse 
City ; Hazlewood, 15^^ colder ; St. Johnsbury, 5° ; Grardiner, 5^° ; 
Montreal, 10|° ; Ann Arbor, 8®; Janesville, 11 J°; Dubuque, 2°. 

In the month of February, Manitowoc is half a degree warmer than 
Traverse City ; Hazlewood, 10^° colder ; St Johnsbury, 9^° ; Gardi- 
ner, 4^** ; Montreal, 6*^ ; Ann Arbor, 4° ; Janesville, 4® ; Dubuque, 
2^. 

In the month of March, the mean of the more southern localities 
begins to feel the influence of occasional warm southerly and south- 
westerly winds, while Traverse City is still environed by the winter 
temperatures, imprisoned in the ice of the bay. 

It is the extremes of winter temperature which produce such frequent 
destruction of the more delicate varieties of fruit-trees. On com- 
paring the mean minima of the several places for the cold months of 
the year, we obtain the following results : In December, the mean 
minimum of Manitowoc is 4^ lower than at Traverse City ; of £[azle- 
wood, 15^** lower; of St Johnsbury, 23^°; of Gardiner, 13^°; of 
Montreal, 15° ; of Ann Arbor, 1° ; of Janesville, 8|° ; of Dubuque, 
3f. 
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In January, the mean minimum of Manitowoc is b\^ below that of 
Traverse City; of Hazlewood, 18^°; of St. Johnsbury, 17^°; of 
Gardiner, 17^°; of Montreal, 16^°; of Ann Arbor, 5^°; of Janes- 
ville, 17** ; of Dubuque, 3**. 

In February, the msan minimum of Manitowoc, for the years 
compared, is 3° higher than at Traverse City; of Hazlewood, 9° 
lower; of St Johnsbury, 14|° lower; of Gardiner, 1° higher; of 
Montreal, 8^^ lower; of Ann Arbor, the same; of Janesville, 12^° 
lower ; of Dubuque, f ° lower. 

The mean minimum of March is lower for every one of the places 
compared with Traverse City. 

The favorable character of the climate of Traverse City is placed in 
a still stronger light if we compare the extreme minima for a series of 
years. The mean minimum may be of moderate severity, while on 
one or two occasions in the course of the winter, or still more likely, 
within a range of five or six years, the mercury may sink to the de- 
structive limit The extreme minimum of Manitowoc compared with 
that of Traverse City is found to be, in the month of December, 10** 
lower; of Hazlewood, 22° ; of St Johnsbury, 28° ; of Gainliner, 19° ; 
of Montreal, 26° ; of Ann Arbor, 3° ; of JanesviUe, 14° ; of Du- 
buque, 10°. 

In January, the extreme minimumrof Manitowoc is 8° lower than at 
Traverse City; of Hazlewood, 18°; of St Johnsbury, 26°; of 
Gardiner, 18°; of Montreal, 16° ; of Ann Arbor, 10° ; of Janesville, 
15° ; of Dubuque, 6°. 

In February, the extreme minimkm of Mfinitowoc is 1° lower than 
of Traverse City ; of Hazlewood, 13°; of St Johnsbury, 16°; of 
Gardiner, 3° ; of Montreal, 22° ; of Ann Arbor, 1° higher ; of Janes- 
ville, 9° lower ; of Dubuque, 5° lower. 

It thus appears that, under every point of view, the winter climate 
of Traverse City is materially milder than that of other places in the 
same latitude, either east or west It is materially milder than that of 
places 2^ degrees further south. The minimum range of the ther- 
mometer being but 15° below zero, it does not reach the point at 
which peach-trees are injured ; and, in this respect, the winter climate 
compares favorably with that of middle Ohio, Indiana, and Illinois. 
Indeed, the winter extremes for ten years past, during which peach- 
trees have been growing in the Grand Traverse region, have been 
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less than at Cincinnati or St. Loais, or even Memphis in Tennesseer 
During the memorable " cold spell of New- Yearns, 1864,** the ther- 
mometer is reported to have sunk at Milwaukie and JanesvillCy TVis- 
consin, to 40° below zero ; at Chicago, to 29° below ; at KalaaiazoOy 
Michigan, to 20° below ; at St Louis, to 24° below, and at Memphis, 
Tenn., to 16° below; while at Traverse City, it only reached 14<* 
below, and at Northport, at the mouth of the bay, the same ; and 
ranged as low as zero only on two different, days. This cycle of 
cold weather, which extended over the entire north-west, and destroyed 
or damaged fruit-trees in every north-western State, caused no damage 
whatever in the Grand Traverse region. 

Other comparisons are no less surprising than those which have just 
been made. Autumnal frosts are postponed to a remarkably late 
period. Unlike other regions, frost seldom appears till the mercury 
reaches 32°. The first killing frosts ordinarily occur throughout the 
region between the middle and end of October. Sometimes they are 
delayed till late in November. The first damaging frost occurred, last 
fall, on the night of the 28th of October. On the 5th of November it 
froze again; At the same time the mercury sunk to 24° at Ann Arbor, 
and to zero at Bangor, in Maine. I saw the forests of the Grand Trav- 
erse region still green, while those of the southern portion of the State 
were browned, or completely defoliated. 

Snow falls in November or December before the ground has been 
materially frozen, and lies, without thawing, until the following April. 
The soil consequently escapes freezing throughout the entire winter, 
so that root crops may be left out iH^thout damage. Potatoes are thus 
frequently wintered without digging, and those ordinarily left in the 
ground propagate themselves from year to year, and become natural- 
ized. In the same manner, the tubers of dahlias remain in the earth 
with impunity, and delicate green-house roses stand out with greater 
security than in Alabama and Louisiana. • 

The snow disappears about the 10th of April, and the ice in the bay 
breaks up about the same time. By this time the season is so far ad- 
vanced that the influence of the water is capable of resisting any sub- 
sequent tendency to severe frost. No frost, detrimental to farm crops, 
is liable to occur later than the middle of May. 

The facts which I have thus disclosed touching the winter climate 
of the Grand Traverse region, are well cfUoulated to excite surprise. 
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The equalizing influence of the lake is much greater than is gener- 
ally supposed ; and the whole belt of country bordering it on the east 
is affected by its hydrographical position, much like the peninsula of 
Florida, Sweden, and the British Islands. In the Grand Traverse 
region the body of water is greatly augmented by the bay, which 
reaches its two arms thirty-four miles into the interior. Moreover, 
the triangle formed by Leelanau county is embraced by two large 
bodies of water, and enjoys a situation unlike that of any other portion 
of the north-western States. 

There is one circumstance which affords the Grand Traverse region 
a greater amount of protection than is experienced by the St. Joseph 
region. The most destructive winds in that part of the country pro- 
ceed from the south-west ; and the peculiar curvature of the lake is 
such, that south-west winds, striking the Grand Traverse region, must 
have traversed nearly the whole length of the lake ; which is not the 
case with points further south. 

Moreover, it will be observed that the Grand Traverse region is 
measurably protected from cold easterly winds. By the narrowing of 
the Michigan peninsula, in that part of the State, the influence of Lake 
Huron is felt during easterly storms ; and the triangle of Leelanau 
county experiences, also, the special protection of the bay. As, in this 
part of the country, the thermometer occasionally sinks very low with 
a strong easterly wind, protection from this quarter becomes a most 
important consideration. 

A region defended, like that along the eastern shore of Lake Michi- 
gan, from the extreme vicissitudes of our northern winters, and pre- 
served equally from the torrid heats and protracted drouths of our 
southern summers, would seem to be favorably situated for drawing 
forth the utmost capabilities of the soil. As it is obvious that a favor- 
able soil is an essential condition to the full effect of so propitious a 
climate, I ought to add that on the immediate shore of the lake the 
soil is generally sandy, and covered by a forest growth consisting of 
evergreen and deciduous trees intermixed. From .half a mile to three 
miles inland, the soil becomes more loamy ; and in Newaygo, Oceana, 
and Mason counties, receives an ample supply of calcareous mate- 
rial from the mountain limestone which underlies. In the Grand 
Traverse region the soil is a calcareous sandy loam, derived from the 
disintegration of the arenaceous limestones and shales of the Hamilton 
Vol. XV. 12 
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group which outcrop in Little Traverse Bay, and dip southward under 
the Grand Trayerse region. This soil is of an admirable quality ibr 
general agricultural purposes. It is covered bj a very heavy growth 
of sugar-maple, beech, rock-elm, and white-ash, with magnificent hem- 
locks locally interspersed. As a general rule, there is no pine and no I 
swamp land. The whole region is elevated and rolling. 1 

The entire belt, from the head of Lake Michigan to little Traverse 
Bay and perhaps beyond, is well adapted to the production of the 
more delicate varieties of fruits. Peaches and sweet cherries (Oenmu 
avium) are uniformly successful throughout the whole extent of the 
re^on ; though it is probable that the progress of the clearing of the 
forests will create, as in the older portions of this State, a greater lia- 
bility to extremes, especially in the southern and eastern borders of the 
belt For the present, these fruits are successftilly cultivated as fiir east 
as Kalamazoo and Grand Bapids. In the interior and eastern portions 
of the State, they are a failure four years out of five. ^ The St Joseph 
region," as.it is styled, has for some years been acquiring celebrity as a 
peach-producing country. The crops that have been raised are almost 
incredible, though I am not prepared to furnish definite statistics. More 
recently it has been demonstrated that the peach flourishes equally well 
as far north as Grand Bapids and Grand Haven ; and large invest- 
ments are being made in this culture. From the statistics of the ^ Lake 
Shore Horticultural Association," I learn that there are already under 
cultivation, in the immediate vicinity of Grand Haven, 7,603 apple- 
trees ; 1,286 pear-trees ; 26,580 peach-trees, of which 12,664 were set 
last spring. Of plum, nectarine, apricot, and quince trees, there are 756. 
There are 18,693 grape-vines, of which 1,700 are bearing, and 14,993 
newly set These trees, and many others which I have recently ex- 
amined, are in a state of health and vigor which cannot be surpassed. 
At Muskegon, and in that vicinity, I observed that peach and cherry 
trees were laden with fruit in the middle of July of this year ; though 
both crops are a complete failure through the eastern part of the State, 
and as far south as Tennessee, according to my own observation. Still 
further north, in the Grand Traverse region, it secios to be completely 
demonstrated that these fruits are destined to be as successfully cultiva- 
ted as in the St Joseph region. As a fruit-growing region, I doubt 
whether any other portion of the United States, east of the Bocky 
Mountains, will be^ able to compete with it It has been a complete 
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surprise to the inhabitants to learn peaches, apples, grapes, pears, rasp- 
berries, strawberries, and other fruits, can be cultivated with success. 
The discovery has given a wonderful impetus to this branch of enter- 
prise ; and, unless my judgment greatly misleads me, we shall hear of 
the Grand Traverse region, within ten years, as the fruit-orchard of 
the country ; and shrewd men, with horticultural tasf es and a moderate 
amount of means, will thank me for directing attention to this open* 
avenue to wealth. 

P. S. — Since the foregoing paper was read, I have been informed 
by Dr. I. A. Lapham, of Milwaukie, that the themometer sank at that 
place only to — 30° on the first of January, 1864. I have also received 
his chart of the summer and winter isothermal lines which cross Lake 
Michigan, showing that the* lake affects the climate very perceptibly, 
even in the region lying to the westward. In comparing the meteoro- 
logical means of Traverse City, therefore, with localities in Wisconsin 
and Minnesota, the contrasts, though well marked, are not so salient as 
if the comparisons had been made with localities quite removed from 
the interference of the great lakes. The windward position of Wis- 
consin, however, during our coldest storms, would prevent the extreme 
minima of the climate from receiving any alleviation from the prox- 
imity of the lake. 



2. Stromatoporid^ : their Structure and Zoological Af- 
finities. By Prof. Alexander Winchbll, of Ann Arbor, 
Michigan. 

A RECENT investigation of the organic remains of Little Traverse 
Bay, in the State of Michigan, has caused my attention to be directed 
to the nature and zoological relations of the Groldfussian genus Stroma^ 
topara. Without attempting to present a synopsis of the literature of 
the subject, or even to enter upon a full discussion of the organic na- 
ture of the beings embraced under the genus, I desire to present a few 
suggestions, based on some interesting facts that^ have come under my 
observation. 

The genus Slramatopora was first briefly characterized by Goldfuss 
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about the year 1827 (Petrefacta Gennainae, L, p. 21), in the following 
words: — 

" Pohfparium hemispIuBricum s. subglobosum, e strcUis soHdis et Junr- 
goso-foroM cdtemantibus contiguis.^* 

The first species described was S. concentrica from the Devonani 
limestone of the Eifel : '' S. stratis cancentrtcis infundibidiformis un^ 
datis:' 

Save that the author seems to have contemplated the object in an 
inverted position, and thus to have figured it, the description of this 
species will apply to a large proportion of the massive Stromatopor€B 
that have been since observed. Accordingly we find that authors have 
been in the habit of referring to this species a wide range of distin- 
guishable forms from various different formations. 

In his remarks upon this species, Goldfuss says, it sometimes 
attains a diameter of several feet. The funnel-form layers fit into 
each other in such manner that the inner and upper gradually become 
smaller and flatter. The outer are generally undulated. All together 
form, with their outcropping edges, the even, concentrically furrowed 
upper surface of the coral-body. With a magnifier one is able to dis- 
cover that the basis of the thicker beds is a complicated net-work, 
while the spongy intervening beds are composed of coarse interwoven 
fibres. 

At a later period (Petr. Germ. I., p. 215), the learned author pre- 
sented the results pf his investigation of the various forms which he 
brought together under the name of Stromatopora polymorpha. He 
remarks that while the study of the former species had led him to as- 
sociate it with true corals, giving it a position between millepores and 
madrepores, his later studies led him to range Stromatopora under the 
sponges. S, polymorpha was described as being primarily a thin 
incrustation of spongy matter dieposited upon a coral, shell, or other 
submarine body, preserving on its exterior all the inequalities of the sup- 
porting body. Upon this successive layers of similar matter were de- 
posited, until the organism assumed its destined form, and the primi- 
tive body dissolved iiway, leaving a cavity in its place. Partly through 
the inequalities of the primitive body, and partly through the unequal 
deposition of the successive spongy layers, the surface became tuber- 
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culated, warty, or even cylindrically or ramosely elevated. Through 
weathering and attrition, the summits of these eminences became worn 
down through one or more of the layers, so as to exhibit concentric 
rings. The summits and their vicinity acquire chinks or fissures, as 
the learned author expresses it, which penetrate the first beds of the 
net-work, and thus form vermicularly diverging furrows. The apex of 
the tubercle is frequently perforated by a hole, which, in some in- 
stances, is considerably enlarged and surrounded by one or more series 
of smaller holes. 

Th^s organism, in its various states of growth and weathering, pre- 
sents the varied forms which the author had previously described as 
Tragos capitatumj and Geriopora verrucosa^ — in some instances, also, 
bringing out the characters of Mermedum and Siphonta, — facts which 
lead him to conclude with the just reflection that in the classification 
of organic bodies we must be guided by the essential organfc structure ; 
for mere surface physiognomy is capable, as in this case, oT leading to 
the admission of several genera within the limits of even a single 
species. 

In 1839 Lonsdale, besides characterizing a new species (S. nummu- 
UHsimilts), having a flattened, discoidal form, from the Wenlock lime- 
stone, identified S. concentrica, from the Wenlock limestone and shale 
(Silurian System, pp. 680-1, pi. xv., figs. 31 and 32). The latter 
was properly made a new species by D'Orbigny in 1847, under the 
name of S. strtateUa, in consequence of the much greater compression 
of its layers (Prodrome de Pal. I., p. 51) ; and this change was adopted 
by McCoy in 1851 and by Murchison in 1859 (Siluria, p. 210). It 
is a massive coral, like S. concentrtca, and is generally represented as 
growing around some submarine organic body. 

In 1847 Prof. Hall characterized the genus Stromatocerium to re- 
ceive, an obscure species from the Black River limestone, which he 
named S. rttgosum (Pal. N. T., I. p. 48, pi. xii., fig. 2). Judging 
from the description and figures, this fossil is completely congeneric 
with Stromaiopora concentrica, and has been so regarded by D'Or- 
bigny, Pictet, Billings, and others. 

In the same year, D'Orbigny separated the tuberculated and mam- 
millated forms of S. polymarpha as constituted by Goldfuss, and 
established for their reception the new genus Sparsispongia with the 
species S. polymorphc^ radiosay and ramosa (Prod, de Pal. I., p. 109). 
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Pictet has admitted this genus and made it the type of a tribe of 
sponges (Paleont IV., p. 548), while McCoy indentifies it with Cau- 
nopora of Phillips. 

In 1851 Prof. McCoy investigated StromataportBjSnd controverted, 
the general impression 'that they are sponges, since the whole mass, 
being composed of rigid, though vesicular, curved plates, would be in- 
capable of those systolic and diastolic motions essential to the life of a 
sponge. On the other hand, he detected in the intercellular structure 
of Pcdaopora, FistvliporcL^ etc., something analogous to the vesicular 
structure of StromcUopora, and thought he discovered, also, some faint 
indications of the existence of individual polyp cells. He accounted 
for the absence of cell-walls by the supposed exserted position of the 
polyp, as in Goniopara. He accordingly places StromcUopora in the 
Tubiporida, near FistvUpora (Brit. Pal. Foss., p. 12). He. regards 
Caunoporci^2i& a sub-genus of Stromatopora. 

In 1862 Mr. Billings described a second species — S. comp<icta — 
from the Black River limestone (Paleozoic Foss., p. 55), which differs 
from S. rtigosa as S, striateUa does from S. concentrica. Mr. Billings 
first ranged these organisms under Amorphozoa, but from later exam- 
inations he states that he was led to regard them as corals allied to 
FistuUpora (lb., p. 213). 

It may be further stated that Geinitz places a portion of the Stro- 
maJLoporcd under Madrepora (Yersteinerungs-kunde, p. 580), and 
others under Nullipora (lb., p. 583) ; Agassiz places them under Mil- 
leporkia (Nomendator Zool.) ; Bronn, under Bryozoa (Index, Pal. II., 
p. 1203) ; ^Pictet, under Spongiaires (Paleont. iv., p. 556); while 
Dana, in one instance, ranges StromcUopora under Bryozoa (Man. 
Geol., p. 191), and in another, under Radiates (lb., p. 240). 

I now proceed to give the results of my own observations upon the 
four species discovered in the Hamilton group of Michigan and. Ohio, 
and recently described in my report on the " Grand Traverse Region," 
pp. 90-1. 

Stromatopora pustuUfera is a species which occurs in large, spheroi- 
dal, ovoid, or elongate masses, composed of arching, transverse, con- 
centric layers formed of laminae of coralline substance, separated by a 
net-work of minute passages, which, at intervals, coalesce and turn 
upwards through the bed, radiating and ramifying again on its upper 
side. The places where the beds are thus traversed are raised, on the 
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upper side, into little eminences. The distinction into beds is produced 
by variations in the density of the coralline substance. Masses of 
coraJ occur, several feet in length, and even in diameter. The dis- 
tance of the pustules 4 millimetres, or .16 inch; and the mean thick- 
ness of the lamin» one-fiflh of a millimetre, or .008 inch. 

Stromatopora monticultfera has a structure and form like the pre- 
ceding, but differs therefrom in the much larger and more remote 
eminences on the upper surfaces of the concentric beds, and in the 
larger and more distinctly radiating character of the passages which 
diverge from the apices of the monticules. These passages, on the ex- 
posed surface, are little, flexuous, somewhat branching furrows, which 
diminish in size and disappear within 5 millimetres or .2 inch. The 
distance of the monticules is from 7 to 10 millimetres. This coral at- 
tains a diameter of at least 3^ metres or 12 feet. I have found it in 
Little Traverse Bay, on the west side of the State ; on Thunder Bay 
Island, on the east side ; and on Kelly's Island, near Sandusky, Ohio. 

The two species thus described evidently possess some affinity with 
the verrucose forms embraced by Goldfuss under S. polymorpha^ and 
separated by D'Orbigny under his genus Sparsispongia. The dis- 
tinct, vermicular perforations suggest, also, an affinity with Caunopora^ 
Phillips. The great regularity and persistence of the eminences, how- 
ever, render it impossible to account for them, as Goldfuss did, by an 
unequal deposition of coralline substance, or by original inequalities in 
the primitive body upon which the corallum was formed. Indeed, 
though I have seen ship-loads of these corals, I have never detected 
evidence that they were in any sense incrusting. The concentric 
layers are only segments of circles passing transversely across the 
spheroidal, or more often elongated mass, — ^many of which I have 
seen standing erect in the face of an escarpment, with the ruins of 
other beings and other generations strewn around them. The dihris 
of these organisms have formed literal coral reefs, and constitute, in 
Little Traverse Bay, almost the entire mass of a bed of huffish lime- 
stone twenty-five feet in thickness. 

Neither can I agree with Groldfuss, that the radiating furrows and 
perforations are caused by attrition or disintegration of the apica* 
portions of the eminences. They are always most distinct oh the 
freshly exposed surfaces, and show as well on the under side as the 
upper side of the layers. 
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The third species which I have described is Stramatopora nux. 
This occurs in moderate-sized spheroidal, sometimes contiguous and 
coalesced masses, formed, unlike the foregoing species, bj accretions on 
all sides, and is often seen to be parasitic. The external surfaces of 
the layers are not pustulose. Masses occur froI^ 2^ to 12 centimetres, 
or 1 to 5 inches, in diameter. This species has also been recognized 
on Kell/s Island. 

This is one of the species commonly referred, in this country, to 
S. concentrica, Goldf. ; but I do not believe that species exists in 
America. S. nux differs from S. concentrica in the same manner that 
& strtateUa does ; but the latter is an Upper Silurian and a European 
species, and I should hesitate to unite it with S, nux. 

Lastly, a most unexpected and remarkable form has come under 
my observation, which I have described as S, ccespitosa. In general 
ensemUe it looks like a large, cespitosely branching Cyathophylloid 
coraL The stems are externally in contact, or 15 to 25 millimetres 
apart. A longitudinal section shows the characteristic layers arching 
across the stem and resembling S. pusttdifera in miniature. A trans- 
verse section exhibits a radiating structure, as in OycUhophyUidcR ; but 
there is no outer wall or definite limitation to the structure, and the in- 
terior is completely filled with concentric circles of coralline substance, 
except a small perforation in the centre. The exterior is longitudi- 
nally vermicular-striate. Diameter of stem 4^ to 7^ millimetres, or 
.18 to .30 inch. It occurs in masses from 6 to 9 decimetrds, or 3 to 
4 feet in diameter. 

I think there can be no doubt that this species conforms to Stroma-- 
topara, as defined by Goldfuss and McCoy. It possesses the concentric 
and reticulated layers of S. concentrica^pustuUferay and monUcuUfera. 
It is not enveloping, like the former, but presents an exaggerated con- 
dition of the unwalled pile of layers characterizing the two latter 
species. On the contrary, the ensemble is that of a Cyathophylloid, 
and traces of radial, lamellar lines are actually present, producing ir- 
regular longitudinal strisB on the exterior. It seems to possess, there- 
fore, undoubted affinities with those genera of OyathophyUidtB in which 
the mural system is feebly developed, and the diaphragms and lamel* 
1^ tolerably well represented. In short, it seems to exhibit a traasitioil 
from StromcUopara proper to OyathophyUidiB, 

The affinities of this species with S. pmtulifera 
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carry the two latter also into the group of Zoantharia. These two 
species, moreover, in their regularly distributed eminences, with their 
apical perforations and vermicularly radiating channels, preserving a 
vertical relationship of structure, in straight lines, through hundreds of 
the concentric layers, show that their upper surfaces have been locally 
and regularly differentiated through individualized portions of the sar- 
coid mass. In other words, each eminence answers to a polyp-cell. 
The radiating channels have some reference to a septal system, which 
in S, ccBspitosa comes into still more visible existence. The dia- 
phragms become confluent in contiguous polyp-cells, as in Dania and 
some other genera, and as becomes the case with the lamellae of Smithia 
and Phillipsastrcea, In *S'. concentrica we have a more degraded 
condition of the same fundamental structure. The vspecialization of 
the surface is visibly wanting ; the septal system is only obscurely 
shadowed forth by the reticulated passages between the spongy layers ; 
the common polyp mass becomes little more than a simple sarcode, 
resting on the upper surface and filling the subjacent interstices ; and, 
finally, its low organization is further signalized by its parasitic habit 
and its tendency to flow around and attach itself to all sides of its sup- 
port 

It must be admitted that such forms as have been referred to Spar- 
sispongia possess characters in common with other genera, commonly 
included among sponges, such as Chenendoporay Lamouroux, and Foro- 
spongia and Verrucospongia, D'Orbigny ; and the radiating furrows 
may even be compared with those of such solitary forms as Onemid' 
turn rotula and mammiUare, Goldf. (Petr. Germ. Tab. vi., figs. 5 and 
6), and Siphonia prismorsa,*Goldf,, s^b figured by Hisinger (Petrif. 
Svec. Tab. xxvi., ^g. 7) ; but these affinities, instead of drawing 
our Stromatoparce toward Amorphozoa, only raise the question whether 
the affiliated genera are not also sufficiently related to polypi* to fall 
under a particular family of Zoantharia. 

For reasons set forth above, I should agree with Agassiz and Mc- 
Coy in placing the StromatoporcB amongst Zoantharia, but I should 
differ with both in deciding upon their local affinities. Agassiz seems 
to -have placed them in Milleporidae, governed by the minutely vesicu- 
lar structure of the mass ; homologizing this with the cellular structure 
of the coenenchyma of Millepores ; while, in my own view, these corals 
are destitute of coenenchyma, and their vesicular tissue is endo-struc- 

VoL. XV. 18 
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tural, and ought to be homologized with that of CystiphyUumy or 
perhaps more properly with the vesicular zone of CyathophyUum and 
HeliophyUum, McCoy has also viewed this vesicular tissue as inter- 
cellular, in ranging StromcUopora by the side of FistvMpora, But it 
diflfers from Fistvlipora and Pcdceopora as well as the MilleporicUe in 
general, in the absence of the mural system and the confluence of the 
diaphragms of contiguous individuals. 

It is true that the great predominance of the septal system is capable 
of suggesting very strongly a subordination to the type of Zoantharia 
tabulata ; but the want of a mural system shows a divergence equally 
great, and a corresponding affinity with the Aporosa, and exceptional 
cases of the Rugosa with which I associate them; while the general 
affinities of the species which I have discussed throw a great weight 
of evidence in support of their Cyathophylloid relationship. 

It is evident that the different species of StromcUopora which have 
been brought under discussion present three distinguishable plans of 
detailed structure : — 

1. We have the caespitose, completely individualized form, retaitiing 
traces of lamellae. This is evidently most nearly related to Cyatho^ 
phyllidce ; and I am not aware that it has been noticed by any author. 

2. The forms with the confluent but not obliterated individualities, 
preserving the diaphragms, but losing the lamellae, represented by S, 
polymorphay Goldf., Spdrsispongia, D'Orb. The name proposed by 
D'Orbigny could be retained for this type, if it were not a clear mis- 
nomer. 

3. The forms with confluent and obliterated individualities. These 
embrace the original type of the genus Siromatopora. 

The forms described under the name Gaunopora, Phillips (Pal. 
Fobs. t. x. ; ^g. 29, etc.), notwithstanding McCoy's suggeation, seem to be 
sufficiently distinct from Sparsi8ponyia,SLnd should probably constitute 
a fourth generic type holding position next above Siromatopora 
proper. 

If the views presented above prove to be tenable, we shall have 
the following arrangement and diagnoses of Stromatoporidce : — 

Family Stromatoporidce. — Polyps isolated or confluent; exserted, 
never forming a cup ; secreting a corallum which consists of a series 
of concentric layers (or diaphragms) of vesicular tissue, separated 
and perforated by vermicular, ramifying passages, which are either 
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radially or confusedly disposed. Mural system wanting; lamellar 
structure distinctly present only in the liigher forms. 

Genus, Idiostroma, (n. g.) — Polypi completely isolated, forming 
branching masses ; lamellar system, represented by a radial structure. 

Species, L caespitosum, gordiaceum} 

Genus, Ccenostroma, (n.- g.) — Polypi Confluent, but individualized, 
forming elongated, or spheroidal, compound masses ; diaphragms com- 
mon and continuous throughout; lamellar system indicated by the 
radiate arrangement of the vermicular passages which commonly di- 
verge from the summits of little eminences raised in the concentric 
laminae. 

Species, C. pustulosumy monticuUferum, granvliferum^ 'polymor" 
phum, radiosum, ramosum. 

Genus, Caunopora^ (Phillips). — " Corallum polymorphous^ com- 
posed of minute, irregular, vermicular, cellulose tissue, disposed in 
obscure concentric layers, traversed by few long, larger, variously dis- 
posed, vermiform, cylindrical channels." (McCoy, Brit. Pal. Foss, 
p. 66.) 

Species, C. placenta, ramosa, verticillata. / 

Genus, Stromatopora (Goldf.) — Polypi confluent, with individualities 
sensibly obliterated. Corallum consisting essentially of confluent dia- * 
phragms, or concentric layers, which generally inclose a foreign body, 
— being secffeted on all sides of it and forming a spheroidal mass. 

Species, S. concetitrica, striatella, nux, rugosa, compacta, nummU' 
litisimilis. 

1 Idiostroma gordiaceum (n. sp.) — In general appearance resembles /. ccespitosum. 
The stems, however, are intricately entangled, and Tadial lamellse have a distinct 
existence ; thus showing a still nearer approach to the Cyathophylloids. A very 
interesting species from Iowa City, Iowa. 

^ This species occcurs at Charleston Landing, Indiana, a few miles above Jef- 
ferson ville. It differs from C. pustuU/era in having the upper surface of the layers 
more minutely pustuliferous or granulated. 

* It is yet desirable to compare authentic specimens of this type with specimens 
of Idiostroma ; though, if, as McCoy asserts, its affinities are with Sparsispongia 
(from which I think it differs materially), it is a very different type fit)ln Idio- 
stroma. 
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1. On the Link. of GftJNTER's Chain as the Unit op a Deci- 
mal System of Weights and Measures. By B. S. Ly- 
man, of Philadelphia, Penn. 

The object of this paper is to call attention to^the fact of our having 
already in use a decimal system of measures, and to the feasibility of 
its general extension. 

"In replacing our ordinary measures and weights by new decimal 
ones, it is less important to have the same unit with other countries 
than to have easy means of converting the old measures into the new ; 
for conversion from one decimal system to another is comparatively 
easy, and it is chiefly importers and travellers and readers of foreign 
books alone who need to compare foreign measures with ours. Of all 
measures land measures will need for the longest time to be frequently 
converted from the old standard to the new, on account of the great 
length of time that a land deed remains in use ; and they aiso require 
most time for us to learn to conceive of them accurately. 

If the link of Gunter's Chain, a measure widely used ^ by land sur- 
veyors, and familiar, also, to most land owners, were taken for the 
Standard unit of a decimal system, the important denominations of link, 
chain, furlong, and acre would -i^main absolutely Unchanged. The 
link is 7.92 inches, and is within a twentieth of an inch of one-fifth of 
the French metre. Ten links are six feet and 7.2 inches, and might 
be called a fathom, since there are so many fathoms in use as to make 
it hitherto a rather indefinite length ; and this fathom would be almost 
exactly equal to two metres, or to the Saxon Lachter. The mile 
might be lengthened so as to be ten furlongs (nearer than our present 
mile to the geographical mile), and then a square mile would contain 
1000 acres. Since the link is about eight inches, or two hands, one 
tenth of it might be called a finger, and it would be almost exactly the 
length of the (theoretical) diameter of the new five cent. coin. One 
hundredth of a link is -^^, or ^J of the present line, and might be 
called a line. 

A cpbic link, cpntains 497 cubic inches, between two wine gallo*^ 
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and two dry gallons of our present measures, and might be called a 
peck ; and that name might be applied, like gallon, equally to liquicfs 
and to dry bodies. The peck would be the unit of measures of capac- 
ity and of bulk. 

A cubic link of water at its greatest density weighs eighteen pounds, 
and might be called a stone, and serve as a unit of weight 

As for the names of a new system of weights and measures, they 
ought to be at least idiomatic, and not, like the French metrical names, 
a mass of pedantic barbarisms, which would appear still worse if foisted 
wholesale into our language than they do in French, and would be 
still less intelligible to the unlearned. The old names might be retained 
for those new weights and measures that are nearly eq^ual to old ones, 
or that occupy the same general position in the system even when they 
are quite unequal; and they might be distinguished by the prefix 
" new " until the system came into general use. Those weights and 
measures that are quite new might easily find new names analogous to 
the old ones, taken from familiar objects or from som^ provincial 
measures or weights. 

We should have, then, the following tables of weights and meas- 
ures: — ^ 

1 Link = ^ Fathom = j^ Chain = ^^^ Furlong = jj^ Mile. 

= 1^0 Fingers = 100 Lines. 
1 Square Link =: ^^ Square Fathom = yj^Vott Square Chain = i^nJWff Acre. 
1 Acre = -^ Square Furlong = y^^ Square Mile. 
1 Peck (cubic link) = ^ Cask = ^ (Tun ?). 

= 10 Quarts=100 Gills=1000 (Thimbles?). 
= T^TT I*erch = YjjVff Cord. 
1 Stone (cubic link of water) = ^ Quintal =y^ Ton. 

= 10 Pounds=100 (Pebbles V) = 1000 Drams 
■ = 100,000 Grains. 

The new grain would weigh 1.26 old grains ; and. eight of the new 
five cent coins would (theoretically) weigh 500 new grains. 

It would perhaps give no serious additional trouble to alter the link 
to the exact fifth of a metre; particularly if the French would alter 
their metre to its intended original standard. 
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BUFFALO MEETING, 1866, 



HISTORY OF THE MEETING. 

The meeting which the Association had intended to hold at 
Nashville, Tenn., in April, 1861, having been prevented by the late 
rebellion, and a prolonged interruption of several years having oc- 
curred in the meetings for the same reason, the Standing Committee 
took the responsibility, at the earliest opportunity after the return of 
peace, to renew these annual gatherings of the scientific men of the 
country, and by a process as nearly conformed to the requisition of 
the Constitution of the Association as the circumstances of the case 
permitted. 

The Fifteenth Meeting of the American Association for the Ad- 
vancement of Science was held at Buffalo, N. Y., commencing on 
Wednesday, August 15, and continuing to Monday evening, August 20. 

The number of names registered in the book of members in at- 
tendance on this meeting is seventy-nine. One hundred and twelve 
new members were chosen, of whom all but thirty-five have already 
accepted membership by paying the annual assessment, and, when 
practicable, signing the constitution. Sixty-seven papers were pre- 
sented, most of which were read, and some of them discussed at great 
length. 
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The sessions of the Association were held in St. James Hall and in 
adjacent rooms in the block of the Young Men's Association, of Buf- 
falo. At half-past ten o'clock, a. m., on Wednesday, the members 
present were called to order by Isaac Lea, LL.D., of Philadelphia, 
President of the Association during its last convention, who spoke as 
follows : — 

In opening this meeting, it may be my duty to say that when we 
adjourned last, in Newport, R. I., in 18G0, it was then proposed that 
we should meet in 1861, at Nashville, Tenn. At the same time the 
distinguished President of Columbia College, N. Y., Prof. Barnard, 
was appointed to preside at that meeting. In the mean time, the great 
rebellion breaking out, the meeting was not, of course, called together, 
as that place was not either a fit or a safe one for loyal members 
to visit. It was also judged proper that our meetings should be in 
abeyance, as our minds and our time were occupied by. duties of the 
utmost importance in the assistance of the restoration of that peace 
which has caused our beloved Union four eventful years of war. 

At the return of peace, some of us naturally desired the resumption 
of the meetings of the Association, and the officers having received 
an invitation from the liberal and public-spirited citizens of the pros- 
perous and hospitable city of Buffalo, as we had from some other 
cities, it was decided that the claims of the former to our presence , 
should be accepted. Having said this much in explanation of the 
lapse of our meetings, I may express my hope and belief in the con- 
tinued prosperity of our Association. It is now my pleasant duty to 
introduce to you President Barnard, and I retire from this chair, 
which you have honored me with, thanking you most sincerely. 

The new President, on taking the chair, said: "Before entering 
upon the business for which we have assembled, it seems to be fitting 
that we invoke Divine blessing upon our proceedings, and I invite 
you, therefore, to unite in prayer with the Rev. Dr. Chester, of Buf- 
falo." 

Dr. Chester then offered up a short prayer, at the conclusion of 
which the lion. George W. Clinton, President of the Buffalo Society 
of Natural Science, welcomed the Association, in behalf of the people 
of Buffalo, in the following words : — 



k 



history op the meeting. 109 

Mr. President and Gentlemen op the American Associa- 
tion FOR the Advancement op Science, — I regret that I am 
compelled to speak, in behalf of Buffalo, on this occasion. That duty 
ought to have been performed by one whose well-earned honors and 
high positioi> would have given weight unto words of congratulation 
and of welcome. I can only tell you, what our people are so anxious 
to prove by their acts, that they do most cordially welcome you to our 
young city ; that Buffalo esteems your presence here a substantial 
benefit and honor, and that whatever she has or can do, which will 
minister to the accommodation of the Association, or promote your 
comfort, or add to your enjoyment, is freely yours. I have no power 
to give due expression to the profound respect which our people enter- 
tain for this Association, and for its grand objects. Its members, in 
every department of science, have advanced knowledge, and it has 
won just renown and reflected honor upon our country. National in 
its organization, the Association slumbered while our national unity 
was endangered by rebellion ; but, with returning peace, it thus glori- 
ously awakes. It does present, to every liberal and patriotic soul, a 
sublime, an exhilarating spectacle. May this blessed reunion of our 
men of science prove to be a mere example and a sure harbinger of 
the heart-reunion of the people of the United States of America for 
which our souls so yearn ! May your Association — in itself so 
strong an element of unity — grow with the reviving fortunes of our 
country ! God grant that our dear country may present to the world, 
throughout all time, that* most magnificent of earthly spectacles, — a . 
free and peaceful people, warded and exalted by science, and sublimed 
by true religion. 

We congratulate you upon this auspicious resumption of your ses- 
sions. And yet, alas ! how difficult it is for mortals to find occasion 
for unmixed joy ! Even your present pleasure must be tempered by 
some thought of the late bitter years ; and the delight of renewed in- 
tercourse with old associates is mingled with sorrow. Death and dis- 
ease have not been inactive. Some of those who shed light and 
pleasure on your meetings are not here. Their presence will never 
gladden your hearts again. They can do no more for science and 
mankind. They have gone, or are quickly going, to their reward, and 
we must soon follow them. Of one, at least, of these public benefac- 
tors I can hardly refrain from speaking; bot he is not yet dead, — 
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Heaven grant that he may recover ! — and I am not competent to do 
justice to his great character and achievements. But you must let 
me say that he was a bright examplar of that magnanimous and 
catholic spirit which has reigned in this Association from the begin- 
ning, and made it so useful and so famous. In recalling •liis character 
and acts, I cannot but think of this Association ; and you must 
acquit me of presumption, if I so far yield to the impulses of 
my heart as to indicate, in my plain way, a few of the reasons vrhy I 
respect your venerable body. 

Your Association has been remarkably free from those bickerings 
and jealousies which are so apt to find place in, and deform the pro- 
ceedings of, all human societies. It would seem that your members 
were, in the general, so absorbed in the search for truth as to forget 
self. Your proceedings have been grave, courteous, liberal. Differ- 
ences of opinion have been incentives to renewed and more cautious 
investigation, rather than provocations to controversy. You, necessa- 
rily, admit hypothesis ; but the creations of fancy are not permitted to 
supply the deficiencies of science. You have '' loved science for her 
own sake, and revered her under every form and manifestation ; " 
you *'love her, too, personified in young and ardent students of 
nature," and treat them " not as rivals who are to be feared and 
shunned, but as successors who merit instruction and assistance." tn 
natural history, you have remembered and acted upon the old maxim, 
that "a single species, thoroughly and systematically studied, will 
teach more than a hundred cursorily examined." And then, above 
all, in all your proceedings, and in all your investigations, you have 
recognized and respected the great yearning of the common soul for 
God ! In this great presence, I feel that I am nothing, — a mere 
smatterer, a sciolist ; but, perhaps, for that very reason, I am the 
fitter to express that common yearning of all who think. That there 
should be a man without an appetite for knowledge is incredible. 
But the appetite grows with what it feeds on ; it is as insatiable as 
death, and has infinity before it. The astronomer of our day may 
smile at the littleness of the achievements of the Chaldean watchers 
of the stars, for he, aided by science, has resolved the milky-way and 
peered far out into space. But he is not ^ mad ; " he cannot be 
" undevout ; " he must feel how minute he is, — how infinitesimal 
his great scope of vision is in space, which can be bounded only 
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by God. And he who, with the microscope, will spy into the region 
of life, — though he too acquire a subliming knowledge, — he finds 
that, below the lowest deep he reaches, there is a lower depth, and 
the great secret of life, its essence, remains impenetrable. Knowl- 
edge is ecstatic in enjoyment ; but man's capacity for it, whatever his 
attainments, is never satisfied. The true philosopher — the searcher 
after all truth, and finder of some truth — must feel that the pebbles 
he has picked up on the strand are poor ; and, in the troubles and 
perplexities which surround him, yea, from the very love of science, 
comes that longing for, and belief in, the great Knower, — the 
Creator, — not a Brahma, who, having made and imposed laws upon 
all things, leaves them and remains aloof, absorbed in a contempla- 
tion of his own perfection, but a personal God, one who does illumi- 
nate, forgive, pity, and bless ; the God whom all Christians worship 
and adore. The fact, then, that science as pursued by you is Chris- 
tianizing forms one of its strongest titles to the approbation of the 
just. 

Buffalo is a busy town. Work reigns in it, — our present master. 
Few of us have leisure for the pursuits of recondite science, and we 
have just commenced adorning our city with the triumphs of painting 
and sculpture, and possess but germs of public libraries and cabinets 
of science. Antiquity has not hallowed our edifices, and, with but 
few exceptions, they were built only for our day. We have, in the 
material way, nothing grand or impressive to show you. Our jewels 
are our liberal, big-hearted citizens ; and, if you will but note it, you 
will find everywhere in our good city a deep respect for literature, for 
art, for science, and a longing to make it as famous in letters as it 
is prosperous in commerce and manufactures. Among young and 
old, — our merchants, our bankers, our manufacturers, our hard- 
handed artificers, — you will find people who can admire and appre- 
ciate you, and who yearn for sound science. They welcome you with 
their heart of hearts ; they look to this Association, with confidence, 
for countenance and aid in their endeavors to know ; they hope that 
you will carry hence respect for Buffalo, that your remembrance of this 
session will be pleasant ; they expect and believe that your meeting < 
will give an impetus to this great city in the pursuit of science, and 
form an era in its history. May these high hopes be realized ! May 
the good God, the author of all knowledge, bless you in all things, and 
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make this session of the American Association for the Advancement of 
Science peculiarly fruitful of glory to Himself, and of good unto our 
country and mankind. 

The address of Judge Clinton was responded to by President 
Barnard, in behalf of the American Association, as follows : — 

Mr. Clinton, — It affords me, sir, unusual satisfaction to express 
to you, and, through you, to the members of the Association over 
which you have the honor to preside, and to the citizens of Buffalo 
generally, the deep sense of your courtesy and hospitality which 
is entertained by the members of this body. This welcome is the 
more grateful, inasmuch as we come to you with none of those claims 
which seem usually most imposing to the imagination of men. We 
possess neither place nor power. We are neither rulers of men, nor 
judges, nor law-makers; nor yet is it our privilege to belong to that 
fourth estate, more powerful, perhaps, than all the rest, which holds 
an almost resistless sway over the opinion of men, — the public press. 
Neither can we put forward the pretensions which wealth often so 
ostentatiously prefers, and which commonly find so prompt and 
undisputed recognition among mankind. The votaries of science 
rarely reap any other rewards in this world than the satisfaction 
which their labors themselves afford. We possess, in fact, but one 
single recommendation to your kind consideration, — a recommenda- 
tion which has weight in proportion as minds are elevated by enlight- 
enment and ennobled by generosity, — it is the love of truth, and 
honest zeal in its pursuit. And in the fact that, with but this single 
recommendation, we have met at your hands so cordial and warm 
a reception, we have the most satisfactory assurance and evidence of 
the enlightenment of your views and the generosity of your senti- 
ments. 

Other considerations heighten the gratification which your welcome 
has afforded us. 

This beautiful city of yours is one of the marvellous growths of 
which our country presents so many striking examples, but among 
which Buffalo is especially conspicuous. It has sprung from nothing 
to its present greatness entirely within the present century. Indeed, 
long afler the century began, it had hardly a title to be called a town, 
— it was but a mere landing upon the shores of Lake Erie. Its 
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wonderful expansion, its astonishing increase in population and 
wealth, dates back hardly forty years, — dates back only to the com- 
pletion of that magnificent line of internal, artificial navigation, by 
which the lakes were married to the Atlantic. Within that brief 
period, — so very brief considered as a portion of a people's history, — 
there has been heaped up here an amount of wealth so great, that 
though it may be written down in the figures of statistical tables, the 
mind fails to form any clear conception of it. This immensity of 
wealth is evidenced in the throng of vessels which crowd your 
wharves, in the numberless deeply-freighted barges which continually 
leave here for the interior, in your magnificent elevators and spacious 
warehouses, and in all the other evidences of a vast commercial activ- 
ity. It is by these instrumentalities that there is ever kept in motion 
that ceaseless stream of material wealth, which, gathered throughout 
all the great West and North-west, seeks the seaboard through this 
channel ; while through the same channel there comes back a similar 
returning flood, which spreads itself out all over the West. The stir 
of business, the pressure of the crowd, the activity of movement 
which fills your streets, can hardly find a parallel anywhere on the 
continent, unless it be in the great commercial metropolis itself. 

Under these circumstances, it is easy to perceive how great are the 
temptations which beset your people to become absorbed in the pur- 
suit of wealth, to be swallowed up in the material, and to forget what 
concerns the intellectual advancement of the race. That they have 
escaped this danger is, however, evident, from the fact of the existence 
and the healthy activity among you of the Association which you, sir, 
so worthily represent, which is already honorably known in sister 
cities in our land, and is destined to be known no less honorably 
wherever, throughout all the world, science is held in high esteem ; an 
institution devoted to pursuits identical with those in which we are 
interested. 

It gratifies us, therefore, peculiarly, to know that you receive us not 
merely as entertainers, but as sympathizers and collaborators. And 
if this meeting is to be a success, — if, when the history of this Asso- 
ciation is written, the historian shall dwell with special interest upon 
what is here to take place, — it will doubtless be owing to the fact 
that we here enjoyed the benefit of your counsels, and the aid of your 
substantial contributions. * 
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Once more, sir, in behalf of the Association, permit me to tender 
you my thanks for the cordiality of your welcome. 

After an interval of a few moments, Professor Barnard said that 
the meeting, originally appointed to have been held at Nashville, 
Tenn., now assembled after an adjournment of six years. In. the in- 
tervening period many events have occurred of great interest to the 
country, and which have had a great effect upon the Association. 
The General Secretary (Professor W. P. Trowbridge) was not pres- 
ent, owing to some prior business engagements in the Novelty Iron 
Works, at New York, over which he had charge in the absence of the 
President of the Works. They were also deficient in a Vice-iPresi- 
dent (Dr. R. W. Gibbes), of whom no accounts have been received 
since the return of peace. His residence was in one of the Southern 
States (South Carolina), and the Professor said he had not been able 
to communicate with him, though he had sent him several communica- 
tions. It would be necessary to fill these vacancies. 

The Professor alluded to an eminent state geologist (Professor Ed- 
ward Hitchcock, of Massachusetts)*, as one of the early geologists, who, 
if he might not be called the founder of the Association, is admitted to 
have been one of its fathers. Another distinguished member, who 
had done as much as any other man to promote the interests of 
science, was also gone, — the founder of the American Journal of Art 
and Science (Professor B. Silliman, of Yale College), a work he had 
sustained for many years under difficulties that can hardly be appre- 
ciated. Still another great member was lost ; he who, at his country's 
call, left the field of science for that of Mars, and at length de- 
monstrated the sincerity of his patriotism by offering up his life on the 
altar of his country.^ 

Professor Barnard presented the regrets of Professor Agassiz, of 
Harvard College, who had just returned after a residence of eighteen 
months in the empire of Brazil. Owing to the condition of his 
domestic and personal affairs, he found . it necessary to remain at 
home. Professor Joseph Henry, of the Smithsonian Institution at 
Washington, was also unavoidably absent. Many others sent word that 
they could not afford the expenses incurred in travelling ; for such had 
been the increase in living, without a corresponding increase in the 
salaries of men of science, that they were left without adequate means. 



1 Gen. O. M. Mitchell. 
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He spoke of the southern members, saying, science is cosmopolitan ; 
and, whatever may be the difference of opinion concerning religion, 
politics, or any other subject, yet, upon pure, positive science there is 
always a chance for harmony and unanimity of sentiment among the 
devotees of this noble branch of human inquiry ; there is a common 
ground, and upon this it might be hoped to gather men of the north 
and south ; and he expressed the wish that the Association would be- 
come one of the instruments by which the lacerated wounds of the 
country might be healed. " I trust that some of our friends, from 
whom we have been divided, may yet appear. If they do not on this 
occasion, I doubt not they will at some future meeting." 

The Association then proceeded to the election, by ballot, of a Gen- 
eral Secretary, which resulted in the choice of Professor Elias 
LooMis, of Yale College. A ballot was then taken for Vice-Presi- 
dent, and Dr. A. A. Gould was elected. 

The Association then proceeded to elect six additional members of 
the Standing Committee, according to Rule 6 of the Constitution. 
The names of those chosen are printed elsewhere with the other mem- 
bers of that committee. 

On Friday morning, August 17th, the citizens of Buffalo were in- 
vited to meet with the members of the Association and listen to a 
paper by Mrs. Almira L. Phelps, on the " Scientific and Religious 
Character of Edward Hitchcock." After this paper had been read 
by Dr. Chester, an address on " Scientific Education " was delivered 
by Professor J. P. Coolie. 

On Saturday morning, in general meeting, the President invited 
Hon. Millard Fillmore to take the chair while he offered certain reso- 
lutions, which he prefaced with the following remarks : 

Mb. Chairman, — The paper which I hold in my hand contains 
resolutions which I am sure will command the ready assent and con- 
currence of all who are present, expressive of what I believe to be 
the feelings of the Association, in view of the cause which prevents 
the attendance at this meeting of one of our most honored and. 
esteemed associates, Professor Alexander Dallas Bache, Chief of the 
Coast Survey of the United States^ I might have left the duty of 
presenting them to be discharged by abler hands, were it not that 
powerful personal considerations, my warm affection for the subject 
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of the resolutions, and my deep sense of obligations toward him for 
many acts of .kindness during an unwavering friendship of long con- 
tinuance, impel me to claim it for myself. I have no purpose to enter 
here upon a review of the honorable life-history of Professor Bache. 
The day is yet, I trust, far distant when such a record will have to be 
made up. It is sufficient to remark that, in the course of a brilliant 
career, extending through more than thirty years, in which he has dis- 
tinguished himself in many fields of labor, it may be said with truth 
t)f him, as it was said of Groldsmith, that he has touched nothing which 
he has not adorned. As an educationist, as a physicist, as a civO 
engineer, as the director of one of the most magnificent goedetic 
works which the world has seen, he has occupied, and still occupies, 
by the common consent of his countrymen and of civilized mankind, a 
place in the front rank of the votaries of science. As a citizen, his 
record is without a blemish ; as a patriot, his loving zeal is known of all 
who have come into contact with him ; as a philanthropist, his influ- 
ence, through his connection with our noble Sanitary Commission, has 
been felt throughout all the vast armies sent forth by the nation * 
to crush the recent gigantic rebellion, from the general commanding 
in chief down to the humblest private. It is the first time, since the 
foundation of the Association, that we miss his genial presence and 
fail to hear his encouraging voice in these our pleasant and profitable 
reunions. I think there is no individual in the entire circle of its 
present or past membership to whom the Association would be dis- 
posed more promptly, more willingly, or more feelingly to pay the. 
tribute of honor and sympathy which these resolutions propose. The 
resolutions are as follows : — 

Whereas, Providence has seen fit to afflict this Association, by visit- 
ing one of its most distinguished members. Professor Alexander Dallas 
Bache, Chief of the Coast Survey of the United States, with a malady 
which deprives the Association, for the first time since its foundation, 
of the pleasure of his presence in its meetings, and of the benefit of 
his judicious counsels and energetic cooperation ; be it, therefore, 
. Resolved, That the Association sincerely condole with Professor 
Bache in his present illness, and earnestly desire and hope that he 
may be speedily restored to health and usefulness, and may yet con- 
tinue for many years to honor the country which he has so long and 
so faithfully served. 



HISTORY OF THE MEETING. 117 

*^-^^' Resolved, That the Association deeply deplores the loss to American 

? '■ science resulting from the enforced suspension of the labors of their 

■^r- eminent associgite, by which labors its treasures have heretofore been 

■-^^* so greatly enriched, and its advancement so actively promoted. 

^-- Resolved, That the Association extend to Mrs. Bache their heartfelt 

^' - sympathies under her present painful trial, and beg leave respectfully 

■^ > - to express their admiration of the tenderness and devotion with which 

'•- ^^ she ha3 watched over her suffering companion, and of the beautiful 

:li: illustration which she has thus given of the noblest virtues which 

r. 1' adorn her sex. 

3.' .' Resolved, That the , General Secretary of the Association be in- 

/ :; structed to transmit a copy of these resolutions to Professor and Mrs. 

:i 1 Bache. 

.^., The Association voted to hold the next meeting at Burlington, Ver- 

mont, beginning on Wednesday, August 21. 

The officers elected for the next meeting are. Professor J. S. New- 
• BERRY, of New York, President; Dr. Wolcott Gibbs, of Cam- 
r bridge, Vice-President; Professor C. S. Lyman, of New Haven, 

>. General Secretary ; Dr. A. L. Elwyn, of Philadelphia, Treasurer. 

On Monday evening, the business of the Association being finished, 
. and a motion to adjourn prevailing, the President closed the meeting 

with the following address : — 

GENTLEMEN OF THE AMERICAN ASSOCIATION FOR THE AD- 
VANCEMENT OF Science,' — Before pronouncing you adjourned, I 
desire to congratulate you — and I do so with the highest satisfac- 
tion — upon the triumphant success of your meeting in Buffalo. It 
has been a success in every point of view in which it can be consid- 
ered. It has been a success in respect to attendance ; for though, on 
some former occasions, there has been an actual numerical superiority, 
yet, when we consider the economical difficulties of the present time, 
the uncertainty, which till very recently existed, as to the date of the 
meeting, and the total absence which, however much it may be 
regretted, was not, perhaps, wholly unlooked for, of all our southern 
brethren, we have reason to be greatly encouraged at the visible 
strength of the phalanx which has here spontaneously gathered to- 
gether. 
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It has been a success in respect to the evidences of interest in our 
revived organization manifested by many of those of our brotherhood 
whom unavoidable necessity has constrained to be absent on the pres- 
ent occasion, — evidences which I have had the pleasure of laying 
before you in the form of communications, written and oral, from some 
of the most distinguished of those whose names stand conspicuous 
upon the records of our former meetings. 

It has been a success in respect to the unbroken harmony which has 
characterized all our proceedings, the admirable courtesy which has 
marked all our debates, the kindness of feeling between individuals, 
which has gathered strength with each day's continuance of inter- 
course, and the increased respect which we have learned to feel for 
, each other. 

It has been a success in respect to the number of valuable papers 
which have been presented, the variety of their topics, the vigor of 
thought which many of them have evinced, and the clearness of the 
method displayed in their preparation. 

It has been a decided success as it regards the interest of the dis- 
cussions which the papers have elicited, the discriminating criticism 
which they have provoked, the ability and eloquence with which their 
theories have been assailed and defended, and the stimulus, which, 
through all these influences, has been given to activity and inde- 
dependence of thought. 

But it has been finally and signally a success, in that it has been 
held in the midst of a generous and appreciative people, whose many 
kindnesses have literally overwhelmed the Association as a body and 
its individual members. There is nothing which you could desire 
which the noble-hearted citizens of Buffalo have not placed at your 
disposal. They have thrown open freely to you their dwellings, they 
have heaped their tables with luxuries for your enjoyment, they have 
abolished for you the rigid rules by which the privacy of their great - 
industrial establishments is ordinarily guarded, and made you free to 
inspect at your ease their mills, their manufactories, their warehouses, 
their elevators, and all the other great instrumentalities by which 
wealth is here accumulated and exchanged. And, beside all this, 
they have afforded you opportunity to enjoy the grand aspects of 
nature which this vicinity presents, and have introduced you to the 
loveliness and majesty of their noble lake, and the beauties of their 
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magnificent river. There has been no moment of your time which 
they have permitted to run to waste, or which their large-hearted hos- 
pitality has failed to fill up with their assiduous kindnesses and their 
flattering attentions. In this respect, then, surely the success of your 
meeting has exceeded everything "that the most exacting among you 
could have anticipated or desired. 

For these things you will, first of all, surely give thanks to that 
glorious Providence which has cast your lines in so pleasant places, 
and has so signally prospered the works of your hands. 
. And in the next place you will all of you feel — and as you have 
opportunity you will individually express, as I here desire to do for 
you as a body, and as you have already done in your resolutions — 
your deep sense of obligation to this noble-minded, generous, culti- 
vated, and enlightened people, for all the kindnesses which they have 
literally showered upon you, and without which your meeting, instead 
of inspiring and cheering, might have sent you back to your homes 
discouraged and disappointed. 

Gentlemen of the Association, — with my sincerest wishes for your 
continued welfare, I now pronounce your Association adjourned, to re- 
assemble at' the city of Burlington, Vt., on the 21st day of August, 
1867. 

Most of the members in attendance at the Buffalo meeting availed 
themselves ofi the private hospitality so generously offered by many 
families in the city ; a hospitality readily accepted on account of the 
accidental crowding of the hotels at the time, but made doubly wel- 
come by the cordiality with which it was offered and maintained. 
Receptions were also given to the members of the Association, and 
their ladies, by Col. W. A. Bird, Capt. E. P. Dorr, Hon. N. K. 
Hall, and O. G. Steele, Esq. ©n Saturday afternoon the steamer 
Atlantic was placed at the disposal of the Local Committee by T. D. 
Dole, Esq., and the members of the Association, with their ladies, 
made an agreeable excursion on Lake Erie and Niagara river, in com- 
pany with many ladies and gentlemen of Buffalo. On Tuesday, 
August 21, after the close of the scientific sessions of the Association, 
the members, with their hosts and other citizens of Buffalo, made an 
excursion on the Erie and Niagara Railway to Niagara Falls, where 
they were most generously entertained by Mr. and Mrs. Bush at their 
cottapje on the Canada side of the river. 
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RESOLUTIONS ADOPTED. 



Resolved^ That a Committee of three be appointed by the President 
of this Association, whose duty it shall be to memorialize Congress in 
favor of printing the Annual Reports of the Hydrographical Survey 
of the Lakes, in a separate form. 

Resolved, That said Committee is also instructed to make applica- 
tion to the proper authorities for obtaining an increase in the appropri- 
ation for the Scientific Purposes of the Survey, with special reference 
to Meteorology, Fluctuations of Level, and the general Drainage of the 
Lake Country. 

Resolved, That the American Association for the Advibcement of 
Science approves of the appointment of a Scientific Commission to at- 
tend and study the Universal Exposition to be held in Paris in 1867, 
and that it be urged upon Congress to provide the necessary means to 
enable the Commission to prepare for publication full reports upon the 
recent applications of Science to the Arts, as set forth in the Exposi- 
tion, in a form suitable for circulation throughout the country. 

Resolved, That a Committee be appointed to memorialize the Legis- 
lature of West Virginia in favor of a geological survey of that State. 

Resolved, That the Association welcomes with great satisfaction the 
recent legislation of Congress authorizing the employment of metric 
weights and measures, and taking steps facilitating the introduction of 
the decimal system, and that it congratulates the nation upon this im- 
portant change, and hopes for further progress in the same direction. 

Resolved, That copies of these resolutions be sent to the Hon. Sec- 
retary of the Treasury and to the Chairman of the Special Committees 
of the Senate and the House of Representatives by which the recent . 
laws were reported. 



VOTES OF THANKS. 



Resolved, That the members of this Association feel unwilling to 
separate without expressing their sincere thanks to the Committee of 
Reception, and their high appreciation of the efforts made by the citi- 
zens of Buffalo to render this meeting both efficient and comfortable. 
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They have been assiduous and untiring in their efforts to facilitate our 
business, and by their elegant personal attentions have made this visit 
in all respects agreeable and attractive. 

Resolved, That the thanks of the Association be presented to the 
gentlemen of the Committee of Reception, and especially to Col. Wm. 
A. Bird, its chairman ; to Capt. E. P. Dorr, a member of that com- 
mittee, and to T. D. Dole, Esq., Manager of the New York Cen- 
tral Line of Propellers, for the delightful excursion on the steamer 
Atlantic, Saturday afternoon ; also to Wm. A. Thompson, Esq., Vice- 
President of the Erie and Niagara Railway, for his polite invitation to 
the Association to unite in an excursion to Niagara Falls to-morrow 
morning, which invitation we accept with gratitude and pleasure. 

Resolved, That the hearty thanks of this Association be presented to 
the Young Men's Association of Buffalo for their hospitable and gen- 
erous welcome, and for all the facilities which they have so kindly 
placed at our disposal 

Resolved, That the thanks of the Association be presented to the 
Buffalo Society of Natural Sciences, the Buffalo Historical Society, 
and the Buffalo Society of the Fine Arts, for their sympathy, and for 
the liberality with which they have thrown open their valuable and 
interesting collections for our examination and use ; and that we desire 
to join with our thanks an expression of our cordial wishes for their 
continued success and usefulness. 

Resolved, That the thanks of the Association are due to the Press of 
Buffalo and to the New York Trihune for the very full and accurate 
reports given of its proceedings. 

Resolved, That the thanks of the Association be presented to Presi- 
dent Barnard for the dignity and ability with which he has presided 
over its sessions during the present* meeting. 
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BEPORT OF THE PERMANENT SECRETARY. 

This report includes the whole interval of time from the coramence- 
ment of the Newport meeting (August 1st, 1860) to that of the Buffalo 
meeting (August 15th, 1866). The usual duties of the office were dis- 
charged until the publication and distribution of the Newport volume 
(January 1, 1861). Since then, on account of the interruption in our 
meetings, the most onerous duties of the office have been suspended, 
and the Permanent Secretary has had nothing to do except to conduct 
the correspondence of the Association and to carry forward the 
exchanges of publications. 

By a standing vote of the Association, a salary of five hundred dollars 
($500) a year is paid to this officer. The undersigned has understood 
this vote as not applying to the interval during which the meetings of 
the Association were suspended. During the present meeting, how- 
ever, the Association have, by special vote, paid to the Permanent 
Secretary at the rate of about forty dollars a year for services 
performed since January 1, 1861. 

In renewing the meetings of the Association at a place not contem- 
plated by the members present at its last meeting, and for which no 
Local Committee and no Local Secretary had been appointed, it became 
necessary for the Permanent Secretary to assume the duties of the 
Local Secretary and to issue the circular for the Buffiilo meeting. 

The Association now consists of six hundred and twenty-seven 
members. Thirty-six were added at Newport and two hundred and 
seventy-one were then struck off on account of delinquencies in the 
payment of assessments : their aggregate indebtedness to the Associ- 
ation being twenty-four hundred and thirty nine dollars ($2439). 

The financial condition of the Association is as follows : — 

.Between August 1, 1860 (the first day of the Newport meeting) 
and August 15, 1866 (the first day of the Buffalo meeting), the income 
has amounted to thirteen hundred and forty-six dollars and fifteen 
cents ($1346.15); of which one hundred and sixty-three dollars ($163) 
came from the sale of copies of Proceedings, and the balance from the 
annual assessments. 

The expenses of the Association for the same time have been eight- 
een hundred and thirty-six dollars and sixty-nine cents ($1836.69), 
which may be classified in general as follows : — 
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* 

Cost of paper, printing, etc., for the Newport volume of 
Proceedings, nine hundred and seventy-two dollars and 
forty cents, $972.40 

Charges connected with the Newport meeting, forty-three 
dollars and seventy-five cents, .... 43.75 

Charges connected with the notifications for the Buffalo 

meeting, thirty-dollars, 30.00 

Salary of the Permanent Secretary, five hundred dollars, 500.00 

Postage, Express charges, and other expenses, ninety dol- 
lars and fifty-four cents, 90.54 

Appropriation to the Permanent Secretary, . . . 200.00 

The particular items may all be found in the cash account of the 

Secretary, which is herewith submitted as a part of his report. The 

balance in the hands of the Permanent Secretary, August 15, 1860, is 

sixty-six dollars and forty-four cents ($66.44). The balance in the 

hands of the Treasurer is five hundred dollars ($500). 

Joseph Lovering, 

- Permanent Secretary, 
Buffalo, August 15, 1866. 



REPORT OF THE AUDITOR. 

This certifies that I have this day examined the above account of 
the Permanent Secretary, comparing the credits with the cash account 
and receipt-book and the debits with the several vouchers, and find 
the whole correct, and the sum of sixty-six dollars and forty-four 
cents credited to the nexfaccount ($66.44). 

[Signed] B. A. Gould, Auditor, 

Buffalo, August 20, 1867. 
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PERMANENT SECRETARY'S ACCOUNT. 



CASH ACCOUNT OF THE 



Dr. 



American Association in 



Bradford's bill for care of programmes, 
Mackintosh's services as clerk, . 
Printing railroad circular, . 
Folding and stitching programmes, 
Grant & Warren, for paper, . 
Eice & Kendall, for paper, 
Welch & Bigelow, for pnnting, 
Kilbopm & Mallory, for wood-outs. 
Paper for covers to Newport volume, 
Rice & Kendall, for paper, ' . 
Allen & Farnham, for printing, 
Salary of Permanent Secretary, 
Bradley & Dayton, for binding, 
J. Bien, for printing Bache's plates, 
Smithsonian Institution, for freight, . 
Postage and discount, 
Express charges, 

Ripley's bill, for printing Buffalo circulars. 
Printed envelopes for Buifalo circulars. 
Permanent Secretary, for dye years, 

Balance to next account. 



$15.00 

25.00 

2.50 

1.25 

324.52 

9.00 

11.00 

51.00 

1.20 

6.41 

353.21 

500.00 

64.31 

149.50 

11.75 

43.60 

50.44 

7.00 

10.00 

200.00 



$1,836.69 
66.44 

$1,903.13 
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PERMANENT SECRETARY. 
Account with Joseph Loyering. 



Cr. 

$389.98 



Balance from last account, 

Assessments (from 879 of old cash-book to 183 of new cash 

book), including sale of Proceedings, . . . 1,34 6.1 •'S 

Received from the Treasurer, .... 167.00 



$1,903.13 
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List of European Institutioru to which Copies of Volumes XIV. 
of the Proceedings of the American Association were distributed by 
the Permanent Secretary in 1861. 

Stockholm^ — Kongliga Svenska Yetenskaps Akademien. 

Copenhagen, — Kongel. danske Vidensk. Selskab. 

Moscow, — Soci^t^ Imp^riale des Naturalistes. 

St. Petersburg, — Academie Imp^riale des Sciences. 

" " Kais. Buss. Mineralogische Gesellschaft. 

" " Observatoire Physique Centrale de Russie.* 

PuUcowa, — Observatoire Imperiale.t 
Amsterdam, — Academic Royale des Sciences. 

" Genootschap Natura Artis Magistra.t 

" Zoological Garden.t 

Haarlem, — Hollandsche Maatschappij der Wettenschappen. 
Berlin, — K.,P. Akademie der-Wissenchaften. 

" Gesellschaft fiir Erdkunde. 

Bonn, — Naturhist. Verein der Preussisch. Rheinlandes,* &c. 
Breslau, — K. L. C. Akademie der Naturforschen. 
Franchfurt, — Senckenbergische Naturforschende Gesellschaft. 
Freiberg, — Koniglich-Sachsische Bergakademie. 
Gottingen, — Konigl. Gesellschaft der Wissenschaften. 
Hamburg, — Naturwissenschaftlicher Verein. 
Leipsic, — Koniglich Sachsische Gesellschaft der Wissenschaften. 
Munich, — K. B. Akademie der Wissenschaften. 
Prag, — K. Bohm. Gesellschaft der Wissenchaften. • 

Stuttgart, — Verein fur Vaterlandische Naturkunde. 

Vienna, — K. Akademie dier Wissenschaften. 
" K. K. Geographischen Gesellschaft. 

'' Geologischen Reichsanstalt. 

Bern, — Allgemeine Schweizerische Gesellschaft. 

" Naturforschende Gesellschaft.* 

Basel, — Naturforschende Gesellschaft. 
Geneve, — Soci^t^ de Physique et d'Histoire Naturelle. 



* Also, Volumes IX. to XIII. inclusive, 
t Also, Volumes XII. and XIII. 
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CONSTITUTION OP THE ASSOCIATION/ 



OBJECTS. 

The Association shall be called " The American Association 
for the Advancement of Science." The objects of the Associa- 
tion are, by periodical and migratory meetings, to promote inter- 
course between those who are cultivating science in different 
parts of the United States, to give a stronger and more general 
impulse, and a more systematic direction, to scientific research 
in our country, and to procure for the labors of scientific men 
increased facilities and a wider usefulness. 



MEMBERS. 

Rule 1. Members of scientific societies, or learned bodies, 
having in yiew any of the objects of this Association, and pub- 
lishing transactions, shall be considered members on subscribing 
these rules. ^ 

Rule 2! Collegiate professors, also civil engineers and archi- 
tects, who have been employed in the construction or superin- 
tendence of public works, may become members on subscribing 
these rules. 



* Adopted August 25, 1856, and ordered to go into effect at the opening of the 
Montreal Meeting. Amended at Burlington, August, 1867. 



Xtv^ CONSTITUTION OF THE ASSOCIATION. 

Rule 3. Persons not embraced in the above provisions may 
become members of the Association upon recommendation in 
writing by two members, nomination by the Standing CJommit- 
tee, and election by a majority of the members present. 

OFFICERS. 

Rule 4. The officers of the Association shall be a President, 
Vice-President, General Secretary, Permanent Secretary, and 
Treasmer. The President, Vice-President, General Secretary, 
and Treasurer shall be elected at each meeting for the following 
one ; — the three first-named officers not to be re-eligible for the 
next two meetings, and the Treasurer to be re-eligible as long 
as the Association may desire. The Permanent Secretary shall 
be elected at each second meeting, and also be re-eligible as 
long as the Association may desire. 

MEETINGS. 

Rule 5. The Association shall meet, at such intervals as it 
may det-ermine, for one week, or longer, — the time and place of 
each meeting being determined by a vote of the Association at 
the previous meeting ; and the arrangements for it shall be in- 
trusted to the officers and the Local Committee. 



STANDING COMMITTEE. 

Rule 6. There shall be a Standing Committee, to consist of 
the President, Vice-President, Secritaries, and Treasurer of the 
Association, the pflScers of the preceding year, the permanent 
Chairman of the Sectional Committees, after these shall have 
been organized, and six members present from the Association 
at large, who shall have attended any of the previous meetings, 
to be elected upon open nomination, by ballot on the first as- 
sembling of the Association. A majority of the whole number 
of votes cast to elect. The General Secretary shall be Secretary 
of the Standing Committee. 



CONSTITUTION OF THE ASSOCIATION. Xt 

The duties of the Standing Committee shall be, — 

I. To assign papers to the respective sections. 

2» To arrange the scientific business of the general meetings, 
to suggest topics, and arrange the programmes for the evening 
meetings. 

3. To suggest to the Association the place and time of the 
next meeting. 

4. To examine, and, if necessary, to exclude papers. 

5. To suggest to the Association subjects for scientific reports' 
and researches. 

6. To appoint the Local Committee. 

7. To have the general direction of publications* 

8. To manage any other general business of the Association 
during the session, and during the interval between it and the 
next meeting. 

9. In conjunction with four from each Section, to be elected 
by the Sections for the purpose, to make nominations of oflScers 
of the Association fdr the following meeting. 

10. To nominate persons for admission to membership. 

II. Before adjourning, to decide which papers, discussions, 
or other proceedings shall be published* 



SECTIONS. 

Rule 7. The Association shall be divided into two Sections, 
and as many sub-Sections as may be necessary for the scientific 
business, the manner of division to be determined by the Stand- 
ing Committee of the Association. The two Sections may 
meet as one. 

SECTIONAL OFFICERS AND COMMITTEES* 

Rule 8. On the first assembling of the Section, the members 
shall elect upon open nomination a permanent Chairman and 
Secretary, also three other members, to constitute, with these 
officers, a Sectional Committee. 



XVI CONSTITUTION OF THE ASSOCIATION. 

The Section shall appoint, from day to day, a Chaijrman to 
preside over its meetings. 

Rule 9. It shall be the duty of the Sectional Committee of 
each Section to arrange and direct the proceedings in their Sec- 
tion ; to ascertain what communications are offered ; to assign 
the order in which these conmiunications .shall appear, and the 
amount of time which each shall occupy. 

The Sectional Committees may likewise recommend sub- 
• jects for systematic investigation by members willing to under- 
take the researches, and to present their results at the next meet- 
ing. 

The Sectional Committee may likewise recommend reports 
on particular topics and departments of science, to be drawn up 
as occasion permits, by competent persons, and presented at 
subsequent meetings. 



REPORTS OF PR00EEDIN6S. 

Rule 10. Whenever practicable, the proceedings shall be re- 
ported by professional reporters, or stenographers, whose reports 
are to be revised by the Secretaries before they .appear in 
iprint. 



PAPERS AND OOMMUNIOATIOKS* 

Rule 11. No paper shall be placed in the programme, un- 
less admitted by the Sectional Committee ; nor shall any be 
read, unless an abstract of it has been previously presented 
to the Secretary .of the Section, who shall furnish to the Chair- 
man the tities of papers, of which abstracts have been re- 
ceived. 

Rule 12. The author of any paper or communication shall 
be at liberty to retain his right of property therein, provided 
he declares such to be his wish before presenting it to the 
Association. 



CONSTlTUTfOTfT OF TffE ASSOCTATtOK. XVn 

Rule 13. Copies of all communications, made either io the 
General Association or to the Sections, must be furnished by 
the authors ; otherwise only the titles, or abstracts, shall appear 
in the published proceedings. 

Rule 14. All papers, either at the general or in the sectional 
meetings, shall be read, as far as practicable, in the order in 
which they are entered upon the books of the Association ; ex- 
cept that those which may be entered by a member of the Stand- 
ing Committee of the Association shall be liable to postpone- 
ment by the proper Sectional Committee. 

Rule 15. If any communication be not ready at the as- 
signed time, it shall be dropped to the bottom of the list, and 
shall not be entitled to take precedence of any subsequent com- 
munication. 

Rule 16. No exchanges shall be made between members 
without authority of the respective Sectional Committees. 



GENERAL AND EVENING MEETINGS. 

Rule 17. The Standing Committee shall appofnf any gen- 
eral meeting which the objects and interests of the Association 
may call for, and the evenings shall, as a rule, be reserved for 
general meetings of the Association. 

These general meetings may, when convened for that pur- 
pose, give their attention to any topics of science which would 
otherwise come before the Sections. 

It shall be a part of the business of these general meetings 
to receive the Address of the President of the last meeting ; 
to hear such reports on scientific subjects as, from their general 
importance and interests, the Standing Committee shall select ; 
also to receive from the Chairman of the Sections abstracts of 
the proceedings of their respective Sections ; and to listen to 
communications and lectures explanatory of new and important 
discoveries and researches in science, and new inventions and 
processes in the arts. 
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ORDER OF PROCEEDINGS IN ORGANIZING A MEETING. 

Rule 18. The Association shall be called to order by the 
President of the preceding meeting ; and this officer having re- 
signed the chair to the President elect, the General Secretary- 
shall then report the number of papers relating to each depart- 
ment which have been registered, and the Association consider 
the most eligible distribution into Sections, when it shall pro- 
ceed to the election of the additional members of the Standing 
Committee in the manner before described ; the meeting shall 
then adjourn, and the Standing Committee, having divided the 
Association into sections as directed, shall allot to each its place 
of meeting for the Session. The Sections shall then organize by 
electing their officers and their representatives in the Nominat- 
ing Committee, and shall proceed to business. 

PERMANENT SECRETARY. 
i 

Rule 19. It shall be the duty of the Permanent Secretary 
to notify members who are in arrears, to provide the necessary 
stationery and suitable books for the list of members and titles 
of papers, minutes of the general and sectional meetings, and 
for other purposes indicated in the rules, and to execute such 
other duties as may be directed by the Standing Committee Or 
by the Association. 

The Permanent Secretary shall make a report annually to the 
Standing Committee, at its first meeting, to be laid before the 
Association, of the business of which he has had charge since 
its last meeting. 

All members are particularly desired to forward to the Per- 
manent Secretary, so as to be received before the day appointed 
for the Association to convene, complete titles of all the 
papers which they expect to present during its meeting, with an 
estimate of the time required for reading each, and such 
abstracts of their contents as may give a general idea of their 
nature. 
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Whenever the Permanent Secretary notices any error of fact 
or unnecessary repetition, or any other important defect in the 
papers communicated for publication in the proceedings of the 
Association, he is authorized to commit the same to the author, 
or to the proper sub-corairiittee of the Standing Committee for 
correction. 



LOCAL COMMITTEE. 

Rule 20. The Local Committee shall be appointed from 
among members residing at, or near, the place of meeting for 
the ensuing year; and it shall be the duty of the Loc^ Com- 
mittee, assisted by the officers, to make arrangements and the 
necessary announcements for the meeting. 

The Secretary of the Local Committee shall issue a circular 
in regard to the time and place of meetings, and other particu- 
lars, at least one month before each meeting. 



SUBSCRIPTION'S. 

Rule 21. The amount of the subscription, at each meeting 
of each member of the Association shall be two dollars, and one 
dollar in addition shall entitle him to a copy of the proceedings 
of the annual meeting. These subscriptions shall be received 
by the Permanent Secretary, who shall pay them over, after the 
meeting, to the Treasurer. 

The admission fee of new members shall be five dollars. In 
addition to the annual subscription : and no person shall be 
considered a member of the Association until this admission 
fee and the subscription for the meeting at which he is elected 
have been paid. 

Rule 22. The names of all persons two years in arrears foi 
annual dues shall be erased from the list of members ; provided 
that two notices of indebtedness, at an interval of at least three 
months, shall have been previously given. 
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>^CCOUNTS. 

Rule 23. The accounts of the Association shall be audited, 
annually, by auditors appointed at each meeting, 

JT.TERATIONS OF THE CONSTITFTIOW 

Rule 24. No article of this constitution shall be altered, or 
amended, or set aside, without the concurrence of three fourths 
of the members present, and unless notice of the proposed 
change shall have been given at the preceding annual meeting. 



NOTE. 

A proposition to rescind Rules 1 and 2 and to alter the phraseology of Kule 
3, so as to conform to the proposed amendments, was made at the Burling- 
ton meeting, and will come up for final action at the meeting in Chicago. 
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1. No appointment may be made in behalf of the Association, and 
no invitation given or accepted, except by vote of the Association or 
its Standing Committee. 

2. The General Secretary shall transmit to the Permanent Secre- 
tary for the files, within two weeks after the adjournment of every 
meeting, a record of the proceedings of the Association and the votes 
of the Standing Committee. He shall also, daily, during the meetings, 
pftvide the Chairman of the two Sectional Committees with lists of the 
papers assigned to their Sections by the Standing Committee. 

3. All printing for the Association shall be superintended by the 
Permanent Secretary, who is authorized to employ a clerk for that 
especial purpose. 

4. The Permanent Secretary is authorized to put the proceedings of 
the meetings to press one month after the adjournment of the Associa- 
tion. Papers which have not been received at that time may be pub- 
lished only by title. No notice of articles not approved shall be taken 
in the published proceedings. 

6. The Permanent Chairmen of the Sections are to be considered 
their organs of communication with the Standing Committee. 
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6. It shall be the duty of the Secretaries of the two Sections to 
deceive copies of the papers read in their Sections, all sub-sections 
included, and to furnish them to the Permanent Secretary at the close 
of the meeting. 

t. The Sectional Committees shall meet not later than 9 A. m. daily, 
during the meetings of the Association, to arrangte the programmes of 
their respective sections, including all sub-sections, for the following 
day. • No paper shall be placed upon these programmes which shall 
not have been assigned to the Section by the Standing Committee. 
The programmes are to be furnished to the Permanent Secretary not 
later than 11 A. m. 

8. During the meetings of the Association, the Standing Committee 
shall meet daily, Sundays excepted, at 9 A. m., and the Sections be 
called to order at 10 A. M., unless otherwise ordered. The Standing 
Committee shall also meet on the' evening preceding the first assem- 
bling of the Association at each annual meeting, to arrange for the 
business of the first day; and on this occasion three shall form a 
quorum* 

9. Associate members may be admitted for one, two, or three years 
as they shall choose at the time of admission, — to be elected in the 
same way as permanent members, and to pay the same dae& They 
shall have all the social and scientific privileges of members, without 
taking part in the business. 

10. Ko member may take part in the organization and btisiliess 
arrangement of both the Sections. 
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Note. — Names of deceased members are marked with an jasterisk [*}. The 
figure at the end of each name refers to the meeting at which the election took 
place. 

A, 

Abbe, Cleveland, Washington, District of Columbia (16). 
* Adams, C. B., Amherst, Massachusetts (1). 

Adelberg, Justus, New York, New York (15). 

Aiken, VJ. E. A., Baltimore, Maryland (12). 

Ainsworth, J. G., Barry, Massachusetts (14). 

Albert, Augustus J., Baltimore, Maryland (12). 

Alexander, Stephen, Princeton, New Jersey (1). 

Allen, E. A. H., New Bedford, Massachusetts (6). 
*Ames, M. P., Springfield, Massachusetts (1). 

Andrews, E. B., Marietta, Ohio (7). 

Angell, James B., Burlington, Vermont (16). 
*Appleton, Nathan, Boston, Massachusetts (1). 
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B. 

*Baclie, Alexander D., Washington, District of Columbia (1). 

Bacon, John, Jr., Boston, Massachusetts (1). 
♦Bailey, J. W., West Point, 'New York (1). 

Baird, S. F., Washington, District of Columbia (1). 

Bardwell, F. W., Jacksonville, Florida (13). 

Barlow, Thomas, Canastota, New York (7). 

Barnard, F. A. P., New York, New York (7). 

Barnard, Henry, Madison, Wisconsin (12). 

Barnard, J. G., Washington, District of Columbia (14). 

Barnes, James, Springfield, Massachusetts (5). 

Barratt, Joseph, Middletown, Connecticut (13). 

Basnett, Thomas, Ottawa, Illinois (8). 

Batchelder, J. M., Cambridge, Massachusetts (8). 

Beadle, E. R., Hartford, Connecticut (10). 
*Beck, C. F., Philadelphia, Pennsylvania (1). 
*Beck, Lewis C, New Brunswick, New Jersey (1). 
*Beck, T. Romeyn, Albany, New York (1). 

Bell, Samuel N., Manchester, New Hampshire (7). 

Benedict, G. W., Burlington, Vermont (16). 

Bigelow, George H., Burlington, Vermont (16). 
*Binney, Amos, Boston, Massachusetts (1). 
*Binney, John, Boston, Massachusetts (3). 

Bird, William A., Buffalo, New York (15). 

Blake, Eli W,, Burlington, Vermont (15). 

Blake, Eli W., New Haven, Connecticut (1). 
*Blanding, William, Rhode Island (1). 
*Bomford, George, Washington, District of Columbia (1). 

Bouve, Thomas T. Boston, Massachusetts (1). ^ 

Bowditch, Henry J., Boston, Massachusetts (2). 

Bradford, Isaac, Jacksonville) Florida (14). 

Bradish, Alvah, Fredonia, New York (15). 

Bradley, L., Jersey City, New Jersey (15). 

Brayley, James, Buffalo, New York (15). 

Brevoort, J. Carson, Brooklyn, New York (1). 

Briggs, A. D., Springfield, Massachusetts (13). 

Bross, William, Chicago, Illinois (7). 
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Brown, Robert D., Jr., Cincinnati, Ohio (11). 

Brush, George X, New Haven, Connecticut (11). 

Buchanan, !Robert, Cincinnati, Ohio (2). 

Buck, C. K, New York, New York (16). 
*Bumap, G. W., Baltimore, Maryland (12). 
♦Burnett, Waldo I., Boston, Massachusetts (1). 

Butler, Thomas B., Norwsdk, Connecticut (10). 

C. 

♦Carpenter, Thornton, Camden, South Carolina (7). 
♦Carpenter, William M., New Orleans, Louisiana (I). 

Case, Leonard, Cleveland, Ohio (15). 
♦Case, William, Cleveland, Ohio (6). 

Cassels, J. L., Cleveland, Ohio (7). 

Caswell, Alexis, Providence, Ehode Island (2). 

Cattell, William C, Easton, Pennsylvania (16). 

Chadbourne, P. A., Williamstown, Massachusetts (10). 

Chapin, A. L., Beloit, Wisconsin (14). 
♦Chapman, N., Philadelphia, Pennsylvania (1). 

Chase, Gkorge L, Providence, Rhode Island (1). 
♦Chase, S., Dartmouth New Hampshire (2). 

Chauvenet, William, St. Louis, Missouri (1). 

Chesbrough, E. S., Chicago, Illinois (2). 

Chester, Albert H., New York, New York (16). 

Chester, Albert T., Buffalo, New York (16). 

Chittenden, L. E., New York, New York (14). 

Churchill, Marlborough, Sing Sing, New York (13). 

Clapp, Almon M., Buffalo, New York (16). 
♦Clapp, Asahel, New Albany, Indiana (1). 
♦Clark, Joseph, Cincinnati, Ohio (6). 

Clark, Henry, Worcester, Massachusetts (14). 

Cleaveland, 0. H., Cincinnati, Ohio (9). 
♦Cleveland, A. B., Cambridge, Massachusetts (2). 

Clinton, George W., Buffialo, New York (16). 

Clum, Henry A., New York, New York (9). 

Coakley, George W., New York, New York (6). 

Cochran, D. H., Brooklyn, New York (16). 

Coffin, C. C, Maiden, Massachusetts (13). 

Coffin James H, Easton, Pennsylvania (1). 
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Coffin, John H. C, Washington, District of Columbia (1). 
*Cole, Thomas, Salein, lifassachijsetts (1). 
*Coleman, Henry, Boston, Massachusetts (1). 

Comstock, C. B., West Point, New York (14). 

Conant, Marshall, Washington, District of Columbia (7). 

Conkling, Frederick A., New York, New York ^11).. 

Conway, M. D., Cincinnati, Ohio (14). 

Copes, Joseph S., New Orleans, I^uisiapa (11).. 

Corning, Erastus, Albany, New York (6). 

Craig, B. F. Washington, District of Columbia (J5). 
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Dalrymple, Rev. E. A., Baltimore, Maryland (11). 

Dana, James, D., New Haveij, Connepticut (1). 
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Dean, Amos, Albany, New York (6). 
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*Dekay, James Ei, New York, New York (1). 
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Dinwiddie, Robert, New York, New York (1). 

Dixwell, Epes S., Cambridge, Massachusetts (1). 
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PROFESSOB J. S. NEWBERRY, 

PRESIDENT OF THE AMERICAN ASSOCIATION FOR THE YEAR 1867, 

ON RETIRING FROM THE DUTIES OP PRESIDENT. 



Gentlemen op the American Association for the Advance- 
ment OF Science: — 

Every day of our lives we hear that this is an age of progress; and 
.that it is so we find evidence at every turn. The rapidity with which 
effects follow causes in human events, the celerity with which the plan 
is carried into execution, gives to a year, in the experience of one of 
the present generation, the practical value of a lifetime in ages past. , 
Much labor has been expended on the exposition of the causes of the 
mental activity of the present age, and of the grand achievements 
which have attended it ; and yet the key to the whole enigma is to be 
found in the universal adoption of the comparatively new system of 
inductive reasoning. It would be foreign to my purpose to attempt to 
illustrate or defend this proposition, and I must, therefore, trust to its 
acceptance without argument, while we pass to consider that branph 
of the subject which more immediately demands our attention. 

Although the progress of the age to which I have referred has been 
a matter of wonder and delight to all students of humanity and civili- 
zation, many of our best men have been somewhat alarmed and dizzied 
by it ; and, while accepting the achievements of modern industry and 
thought as full of present good and future promise, they are not a little 
concerned lest our railroad speed of progress should lead to its legiti- 
mate consequences, a final crash — not pf things material, but of those 
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of infinitely more value — of opinions and of faith. As often as it is 
boasted that this is pre-eminently an age of progress, that boast is met 
by the inevitable "but" (which qualifies our praise of all things 
earthly) "it is equally an age of scepticism." For the truth of this 
assertion the proof is nearly as palpable as of the other ; and in view of 
the ruthlessness with which the man of the present removes ancient 
landmarks and profanes shrines hallowed by the faith of centuries, it is 
not surprising that many of the good and wise among us should deplore 
a liberty of thought leading, in their view, inevitably to license, and 
mourn over this wide-spread scepticism as an evil and inscrutable dis- 
ease that has fallen upon the minds and hearts of men. 

Now for every consequence there must be an adequate cause ; and 
while confessing the fact of this modern lack of faith, I have thought 
that a few moments given to an analysis of it, and an attempt to trace 
it to its source, might not be wholly misspent, — might possibly, indeed, 
result in giving a grain of encouragement to those who look with dis- 
trust and dread upon the investigations, and discussions which now 
occupy so large a portion of the time and thought of our men of science. 

If the wheels of time could, for our benefit, be rolled back, and we 
could see in all its details the civilization of Europe three or four hun- 
dred years ago, we should find that our so much respected ancestors, 
who fill so large a space on the page of history, were little better than 
barbarians. Among the English, the French, the Germans, Spanish, 
and Italians we should find a phase of civilization which, excepting 
that it included the elements — as yet but imperfectly developed — of 
a true religious faith, is scarcely to be preferred to that of the Chinese.- 
Aside from the vast difference perceptible between the civilization of 
that epoch and ours, as exhibited in the political condition of the peo- 
ple, in their social economy and morals, the general intellectual dark- 
ness of the period referred to could not fail to impress us both profoundly 
and painfully. Out of that darkness and chaos have come, as if by 
magic, all our modern democracy, with its individual liberty and dig- 
nity, all our civil and religious freedom, all our philanthropy and 
benevolence, all our diffused comfort and luxury, most of our good 
manners and good morals, and all the splendid achievements of our 
modern scientific investigation. 

It is unnecessary for me here to describe in detail the origin and 
growth of modern science. That has been so well done by Dr. Whe- 
well, tlvvt all men of education are familiar with the steps by which the 
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grand, beautiful, and symmetrical fabric formed by the grouping of the 
natural sciences has acquired its present lofty proportions. 

Previous to the period when tlie Baconian philosophy was accepted 
as a guide in scientific investigation, but one department of science had 
attained a development which has any considerable claim to our respect. 
Mathematics, both pure and applied, had been assiduously cultivated 
from the remotest antiquity, and with a degree of Buccess which has 

* left to modern investigators little more than the elaboration of the 
thoughts of their predecessors. In Metaphysics, — which had claimed 
even a larger share of the attention of the scholars of antiquity, — little 

• progress had been made. Perhaps I am justified in saying little prog- 
ress was possible, inasmuch as in the light of all the great material 
discoveries of moderA times the metaphysicians of the present day are 
debating, with as little harmony of opinion, the same questions that 
divided the rival schools of Jhe. Greeks. Each successive generation 
has had its two parties of idealists and realists, who have discussed the 
intangible problems which absorbed the great minds of Plato and Aris- 
totle with a degree of enthusiasm and energy — and it may be of 
acrimony — which seems hardly compensated by any expansion of the 

^ human intellect or amelioration of the condition of mankind. 

Of the physical sciences we may say that, except Astronomy, no one 
had an existence prior to the time of Bacon. There were men of vast 
learning, and much that was called science in the mass of reported 
observation that had been accumulating from century to century, until 
it had hecovDiQ *^ rvdis irtdigestaque moles;" hut in this — though it 

^constituted the pride of universities, the intellectual capital with which 
the savant thought himself rich, and that on which the professional 
man depended for success — there was far more error than truth, and 
its study was sure to mislead and likely to injure. In these circum- 
stances the task before the scientific reformer was one more difficult 
than that of cl^saring the Augean stables ; no less, in fact, than to seat 
himself before this great heap of rubbish, this mass of truth and error, 
— of the sublimest philosophy with the wildest fiction, — to patiently 
winnow out the grains of truth, and from infinitesimal facts build up a 
fabric that should have a sure foundation below, and beauty and sym- 
metry above. What more natural, then, than that the process adopted 
in winnowing this chaff-heap should be that which had given success 
to the only true science of the period ? — that the mathematical touch- 
stone sfa[(Hi]d JbiJk[^|d^M|b^h every grain was tried ? And such 
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precisely was the course pursued ; perhaps we may even say the only 
one practicable. Provided with this test^ -the reformer was compelled 
to rejudge upon its merits every proposition submitted to him, and 
accepted only as true such as could- be den^onstrated. The materials 
which composed the science to be reformed naturally fell into several 
categories. First, — That which had been demonstrated to be true. 
Second, '■ — That which was demonstrable. Third, — That which was 
probable. Fourth, — That which was possible, and Fifth, — That' 
which was impossible. Of these he systematically rejected all but the 
first and second classes. And this, in few words, has been the method 
adopted, not only in the purification of old science, but in the creation 
of new. 

It will be seen at a glance, that in this process, all that was con- 
trary to the order of nature (supernatural or spiritual) was necessarily 
excluded ; and it was taken for granted i;hat the mathematical or logi- 
cal faculty of the human mind was capable of solving all the problems 
of the material universe. Sir William Hamilton and others have 
demonstrated the inadequacy of mathematical processes as a guide to 
human reason, and a moment's thought will show us that our boasted 
intellect is incapable of grasping even all the material truths which are 
plainly presented to it. To illustrate : as we scan .the heavens of a clear 
evening, we recognize the fact that we stand, as it were, on a point in 
space, where our field of vision is limitless; the heavenly bodies stretching 
away into the realms of obscurity, and becoming invisible only through 
the imperfection of our organs of vision. Bringing to our aid the most 
powerful telescopes, we are apparently as far as ever from reaching the# 
limits of the universe ; and when we endeavor to conceive of such a 
limit, the reasoning faculty finds itself incapable of grasping either of 
the two alternatives offered to it, one or the other of which must be 
true. The universe must be either limited or limitless. But no man 
can conceive of a universe without a limit ; and if it be regarded as teiv 
minated by definite boundaries, the imagination strives in vain to fill 
the void which reaches beyond. In fact, we stand here face to face 
with infinity, and recognize the fact that the infinite exists without the 
power to comprehend it. 

The same is true of time. We cannot conceive of its beginning or 
its end. All things which come within the scope of our senses are lim- 
ited in duration and circumscribe^ in space; and though we prate 
flippantly of the infinite, the pretence that we can grasp it is simply 
idle talL 
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Conducted on such a plan, it was inevitable that scientific investiga- 
tions should be narrow and materialistic in their tendency. Ko matter 
how strong the probability in favor of the truth of a certain proposi- 
tit>n, — though the whole ^iabric of society were based upon its accept- 
ance, and it formed the foundation of civil and moral laws ; even though 
it controlled the actions of the philosopher himself, — if not proved 
consistent with nature's physical and material laws it must be rejected 
as unworthy to enter into the construction of the edifice he was erect- 
ing. In his great task of undoing the work of blind, unreasoning 
faith, and wild, illogical speculation, all the fruit of such faith or 
speculation must be looked upon as* matter valueless to his hand. We 
may even go further and say that were it true that the Supreme Intel- 
ligence had created the material universe, and by special providence 
modified or thwarted the general laws through which that universe was 
governed, such divine supervision and such miraculous interposition 
must necessarily have been ignored. ' 

Let it noT be inferred, however, that each and all of the great men 
who have been engaged in this work of scientific reformation were 
necessarily driven to be impious iconoclasts, or that, in their efforts to 
emancipate themselves from time-honored errors, they necessarily pros- 
tituted the liberty they gained to selfish or sensual purposes. On the 
contrary, the most important advances which the human intellect has 
made within these later centuries have been due to the eflforts of men 
of the purest and most conscientious character, — men whose lives were 
devoted with the utmost singleness of purpose to determine what is 
*iruth, — men who, knowing that all truth must be consistent with all 
other truth, were willing to go whithersoever it should lead. If it shall 
prove that they have been occupied with " mint, anise, and cumin," 
omitting the " weightier matters of the law," it is also true that in no 
other way could the material laws of the universe be thoroughly inves- 
tigated than by making them the subjects of an absorbed and undi- 
vided attention. It would be as just to. impugn the motives and de- 
cry the merits of the maker of our almanacs, because his mathematical 
calculations were not interlarded with moral maxims, as to reproach 
the student of natural phenomena because he did his work so well, and 
left to others the co-ordination of the results of his efforts with the ac- 
cepted dogmas of religious faith. 

And it is not true, in any sense, that these devotees of science have 
lived in vain ; for to them we mainly owe the fact that man^ is not 
only wiser now than formerly, but that he is better and happier. 
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In justice to the man of science we must claim for him the position 
of co-laborer with, and indispensable ally to, the philanthropists and 
moralists ; for from no source have they drawn richer lessons, stronger 
arguments, or more eloquent illustrations th^y from his discoveries. • 

And yet, while conceding conscientiousness and purity of motive to 
the vast majority of our men of science, and acknowledging the contri- 
butions they have made, and are making to human happiness; com- 
pelled by my sense of justice to defend their spirit, approve their meth- 
ods, admire their devotion, and assert their usefulness, I cannot deny 
that the tendency of modern investigation is decidedly materialistic. 
All natural phenomena being ascribed to material and tangible causes^ 
the search for and analysis of these causes have begotten a restless 
activity and an indomitable energy which will leave no stone unturned 
for the attainment of their object. But while this^ is apparent, and, 
indeed, inevitable, as has been seen from the sketch of the growth of 
modern science, I am far from sharing the alarm which it excites in 
the minds of many good men. Nor would I encourage or excuse that 
spirit of conservatism — to call it by no harsher term — which, for the 
safety of a popular creed, would, by any and all means, repress, and, if 
possible, arrest investigations that may, it is feared, become revolution- 
ary and dangerous. 

Such opposition, in the first place, must be fruitless. All history has 
proved that persecution by physical coercion or obloquy is powerless to* 
arrest the progress of ideas, or quench the enthusiasm of the devotees 
of a cause approved by their moral sense. The problems before our men 
of science miist be solved in the manner proposed, if human wisdom 
will suffice for the task. In every department of science are men actu- 
ated simply by a thirst for truth, whom neither heat nor cold, privation 
nor opposition, will hold back from their self-appointed tasks. We 
may, therefore, accept it as a finality,* that this problem will be carried 
to its logical conclusion. 

In the second place, if possible, the arrest of scientific investigation 
would be not only undesirable, but an infinite calamity to our race. 
As has been so often said, truth is consistent with itself. If, therefore, 
our faith in this or that is based on truth, we have no cause for fear 
that this truth will be proved untrue by other truths. And more than 
this : it seems to me that, in the reach and thoroughness of this ma- 
terial investigation, we may hope for such demonstration of the reality 
of things immaterial as shall produce a deeper and more universal /ai^A 
than has ever yet prevailed. ^ 
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Through this very spirit of scepticism which pervades the modern sci- 
ences we lire compelled to exhaust all material means before we can 
have recourse to the supernatural. When, however, that is done, and 
m*en have tried patiently and laboriously, but in vain, to refer all nat- 
ural phenomena to material causes, then, having proved a negative, 
they will be compelled to accept the existence Of truth not reached by 
their touchstone, and faith be recognized as the highest and best knowl- 
edge. 

That such will be the result is the confident expectation of many of 
the wisest of the scientific men whose influence is looked upon with 
such alarm by those who, in their anxiety for their faith, demonstrate 
its weakness. 

Already, as it seems to me, scientists have reached the wall of ada- 
mant — the inscrut(ible — that surrounds them on every side, and, ere 
long, we may expect to see them return to that heap of chaff from 
which the germs of modern science were winnowed, with the conviction 
that there were left buried there other germs of other and higher truths 
than those they gleaned, — truths without which human knowledge 
must be a dwarfed and deformed thing. 

A few illustrations from the many that might be cited will suffice to 
show the materialistic tendency of modern science. In " Pure Philoso- 
phy," — as the students of Psychology are fond of styling their science, 
— the names alone of Comte, Buckle, Herbert Spencer, Mill, and 
Draper will suggest the more prominent characters of the school they 
may be said to represent. The most conspicuous feature in the " Posi- 
tive Philosophy " of Comte is the effort it exhibits to co-ordinate the 
laws of mind with those of matter. Spenper is a thorough -going men- 
tal Darwinist, who considers the highest attributes of the human mind, 
the loftiest aspirations of the soul, as only developed instincts, as these 
were but developed sensations. Mill, more guarded, more fully in- 
spired with the spirit of the age, — which believes nothing, and is a 
foe to speculation, — leaves the history of our faculties to be written, if 
at all, by others ; takes them as they are, but reasons of conscience and 
free-will with an independence of popular belief that savors more of the 
material than the spiritual school. Buckle wore himself out in a vain 
chase after an ignis fatmis, an inherent, inflexible law of human prog- 
ress, and hence of human history. Draper is a developmentist, but not 
a Darwinian. With him civilization is a definite stage in the growth 
of mind ; a degree of development to which it is impelled by a vis a 
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tergo^ not unlike, in kind, to that which evolves from the germ, the 
hud, the leaf, the flower, and the fruit in plant-life, — a development 
which, when unchecked and free, will he regular and inevitable, but 
which is so modified by the accidents of race, climate, soil, geographical 
position, etc., as to render it difficult to say whether the rule or the ex- 
ception has, in his judgment, greatest potency. If he were a consist- 
ent Darwinist, the accidents of development would be its law. 

Among the students of " Social Science," — a new and important 
member of the sisterhoood of sciences, — as in most of the other 
departments of modern investigation, two groups of devotees are 
found ; one patiently and conscientiously studying the problems of 
social organization, inspired with the true spirit of the Baconian Phi- 
losophy, ready to follow whithersoever the facts shall lead, and having 
for their object that noblest of all objects, the increase of human 
happiness. The other class of investigators, in whom the bump of 
destructiveness is largely developed, would be delighted to tear down 
the whole fabric of society, and abrogate all laws, both human and 
divine. Looking upon man as literally the creature of circumstances, 
as an inert atom driven about by material forces, conscience and re- 
sponsibility are by them repudiated, and laws and penalties regarded 
simply as relics of barbaric despotism. The dreary soul-killing creed 
of these fatalists is fortunately so repugnant to the reason and feelings 
of the majority of men, that there is little danger that their efforts 
will reach their legitimate conclusion in throwing society into a state 
of anarchy and chaos. 

In Theology or Biblical Science, the tendency of modern investiga- 
tion is so distinctly felt, that I need only refer to it. The spirit of in- 
dependent criticism, so noticeable elsewhere, is still more conspicuous 
here ; assuming sometimes the form of derisive sc^ticism, but oftener 
of cold, passionless judgment on the reported facte of sacred history, 
or the psychological phenomena of religious faith, studied simply as 
scientific problems. 

The names of Strauss, Kenan, and Colenso will suggest the results 
to which men, possibly honest, are led by this so-styled " enlightened 
and emancipated spirit of inquiry ; " while " Ecce Homo " and cog- 
nate productions may be considered as the fruit of this spirit, tem- 
pered by a very liberal but apparently sincere faith. 

Aside from these more marked examples of the decided ^l 
the tide of modern religious opinions, we everywhere 
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that no part of the religious world is unmoved J»it^^ In every sect 
and section an impulse is felt to substitute ^[Rbstract faith, the 
" faith without works/' — rather a characteristic of the religion of our 
fathers, and not unknown at present, — that other faith /which is evi- 
denced hy works. In other words : in our day more and more value 
is being attached to this life, as a sphere for religious effort aud expe- 
rience. With what propriety, I leave to the individual judgment of 
my auditors ; the faith of every sect and man is coming to be respected 
and valued precisely in the ratio of the purity, unselfishness, and ac- 
tive sympathy in the life produced by it. 

While, therefore, we have less now than formerly of the self- 
centred and fruitless piety of the old deacon', who excused his avarice 
by proclaiming that "business was one thing and religion another, 
and he never allowed them to interfere," in place of that we have 
many an Abou Ben Adhem, and all the splendid exhibitions of mod- 
ern philanthropy. 

Though the golden mean displayed in the life and words of Christ 
is far better than eithei* extreme, I cannot but think the present re- 
ligious condition of the world is better than any which Has preceded it. 

In Ethnology, — the pre-historic history of the human race, — the 
researches of a large number of investigators who are devoted to its 
study have made interesting and important additions to our knowl- 
edge ; but it cannot be denied that the result of such investigation 
has been to create general distrust of our previously accepted chro- 
nology, and give an antiquity to man such as the scholars of a 
previous generation would have looked upon as not only unwarranted 
but impious. It should be said, however, that our preconceived 
opinions of the antiquity of the human, race — like those of the age 
of the earth itself — were based upon no solid foundation in nature, 
history, or revelation ; and that our system of chronology was a mat- 
ter of convention, about which there has been a wide latitude of 
opinion among the scholars of all ages. 

In regard to the origin of man, — whether by special creation or by 
development, — we may confidently assert that modern investigation 
has given us no new light. Among those who have accepted the 
theory of a spec^ creation, and have differed only in regard to the 
i1ilia hj g _<Bt4MWJi|i and their places of origin or centres of preation, 

of opinion that all confidence in the 
their reasoning has been lost. 
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Among the advoc^s of a multiplicity of species and diversity of 
origin we have fi^p Blumenbach to Agassiz almost every number 
between fifteen and three as that of distinct species of the human 
race, scarcely any two writers advocating the same number. We 
may, 'therefore, very fairly infer that the facts upon which their 
conclusions are founded are not of a very clear and unmistakable 
character. 

The subject of the origin of the human race brings us into the 
domain of zoology, and opens the wide question of the origin of 
species, which, of late years, has been shaking the moral and intel- 
lectual world as by an earthquake. While the various writers upon 
the origin of the human race were gathering with so much industry, 
and reporting with so much eloquence the j^roofs of *a diversity of 
origin, the Darwinian hypothesis comes in and refers, not only all 
the human family, but all classes of animals and plants, to an initial 
point in a nucleated cell. 

It would be impossible for any one to discuss in a fair and intelli- 
gent manner the great question of the origin of species, in anything 
less than a bulky volume. The merest mention is, therefore, all we 
can give to it at the present time. Although the appear#ice of Dar- 
win's book on the Origin of Species, communicated a distinct shock 
to the prevalent creeds, both religious and scientific, the hypothesis 
which it suggests, though now for the first time distinctly formula- 
rized, was by no means new ; as- it eiiters largely into the less clearly 
stated development theories of Oken, Lamarck, De Maillet, and the 
author of the "Vestiges of .Creation." There was this difference, 
however, that in the developmental theories of the older writers the 
element of evolviion had a place ; "the process of development had 
its main-spring in an inherent growth, or tendency, such as produces 
the evolution of the successive parts iij plant-life, while^ according to 
Darwin, the beautiful symmetry and adaptation which we see in 
nature is simply the form assumed by plastic matter in the mould of 
external circumstances. 

Although this Darwinian hypothesis is looked upon by many as 
striking at the root of all vital faith, and is the hete noire of all those 
who deplore and condemn the materialistic tendency of modem sci- 
ence, still the purity of life of the author of the " Origin of Species," 
his enthusiastic devotion to the study of truth, the industry and 
acumen which have marked bis researches, the candor and cautioii 
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with which his suggestions have been made, all combine to render the 
obloquy and scorn with which they have been received in many quar- 
ters peculiarly unjust and in bad taste. It should also be said of Mr. 
Darwin that his views on the origin of species are not inconsistent 
with his own acceptance of the doctrine of Revelation; and that 
many of our best , men of science look upon his theory as not in- 
compatible with the religious faith which is the guide of their lives, 
and their hope for the future. To these men it seems presumption 
that any mere man should restrict the Deity in His manner of 
vitalizing and beautifying the earth. To them it is a proof of 
higher wisdom and greater power in the Creator that He should 
endow the vital principle with such potency tjiat, pervaded by it, 
all the economy of nature, in both the animal and vegetable worlds, 
should be so nicely self-adjusting that, like a perfect mfichine from the 
hands of a master maker, it requires no constant tinkering to preserve 
the constancy and regularity of its movements. |p 

This much I have said in view of the possible acceptance of the 
Darwinian theory by the scientific world. I should have stated in 
limine^ however, that the Darwinian hypothesis is not, and can never 
be fully aq^epted by the student of science who is inspired with the 
spiiit of the age. From the nature of things it can be proved only 
to a certain point, and while we accept that which is, or can be, 
proven, — and for it sincerely thank Mr. Darwin, — that which is 
hypothesis, or based only upon probabilities, we reject, as belonging 
in the category of mere theories, to disprove or purify which the 
modern scientific reform was inaugurated. Much, too, may be said 
against the sufficiency of " natural selection in the struggle of life," 
from observations made upon the phenomena of the economy of 
nature. Necessarily, the action of the Darwinian principle must be 
limited to the individual, be literally and purely selfish; and if it 
can be proved that a broader influence pervades the created world, 
that something akin to benevolence enters into the organization of 
the individual, — something which benefits others and not himself, 
— one single fact establishing this truth would hurl the entire Dar- 
winian fabric to the ground, or rather restrict it to its proper bearing 
upon the limits' of variation, and the mooted question of " what is a 
species ? " 

One of the most potent influences in the perpetuation of species is 
fecundity in the individual; whereas we see in social insects the ecou- 
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omy of the community is best served by a total loss of this power in 
the great majority of the individuals which compose it. This objection 
will perhaps be ' met by the Darwinians with the assertion* that the 
community, in fact, constitutes an individual ; but I must confess that 
I find it difficult to comprehend how the sterility of the workers in 
ants and bees was ever introduced through the medium of modified 
descent, the Darwinian method, or how it is kept up from generation 
to generation among those individuals which have no posterity to in- 
herit their peculiarities of structure. 

■ The Hone}'^ Ants of Mexico oifer additional difficulties. Among 
them a portion of the community secrete honey in the abdominal 
cavity until they resemble small grapes, and these individuals, during 
the winter, are despatched in succession to furnish food for the other 
members of tjie colony. How, by modified descent, is this honey- 
making faculty transmitted, when those who possess it are systemati- 
cally destroyed? 

A still harder nut for the Darwinians to crack is foruished in a 
fact stated by Dr. Stimpson, that among the Crustacea, which do not 
live in communities, a very large proportion of the individuals of a 
numerically powerful species pass their lives as neuters tor undevel- 
oped females. 

Another element in nature's economy, which at first sight suggests 
an objection to the Darwinian theory, is that of beauty, which aflfects 
otliers far more than the possessor. This is considered by the Dar- 
winians simply as an attraction to the opposite sex, but as a fact we 
find that in the larval condition of some insects — a condition in 
which no propagation is effected — varieties of form and combinations 
of color exist whicli appeal to our sense of beauty scarcely less forcibly 
than in the perfect insects. 

Again, the origin of life is left completely untouched by the Dar- 
winian hj'pothesis, and so long as the vital principle resists, as it has 
done, all the efforts of theorists and experimenters to bring it within 
the category of material forces, so long we must regard the world of 
life as including elements not amenable to the laws^ which control 
simple inert matter. 

Upon this question of the origin of life so much is being done and 
said that you will expect a word of reference to it at my hands, yet 
little more can be reported as the result of modern research than that 
the origin of life is as great a mystery as ever. You will all r^mem- 
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ber how, a few years since, we were startled by the announcement 
of the discovery of the generation of the " Acarus Crossii ; " and, 
while our original distrust of the accuracy of the observations of Mr. 
Crosse was strengthened by the failure of subsequent experimenters 
to reproduce his results, our unbelief is further confirmed bj'^ tl^e 
unanimity of all the more modern and intelligent devotees of spon- 
taneous generation in the assertion that life can only originate in its 
simplest form, that of a unicellular organism. There is no Darwinist 
who will concede the possibility of an animal as highly organized as 
an Acarusy with body, head, limbs, digestion, and senses, all more or 
less complete, being the product of spontaneous generation and not 
the result of slow and gradual development. 

Still farther ; it is known that the animal kingdom rests upon the 
vegetable as a base. Animals being incapable of assimilating inor- 
ganic matter could not exist without plants. Plants must therefore 
have preceded animals, and the fruit of spontaneous generation must 
be a protophyte and not a protozoan. 

Yet, notwithstanding its difficulties, there are to-day men, respecta- 
ble by their numbers and attainments, who are believers in spontane- 
ous generation ; but it is with this proviso, — which leaves the mys- 
tery as great as ever, — thaifc only from organic matter can organisms 
be produced. So that to the original and primary appearance of life 
upon the earth, modern science has given us not the slightest clew. 

As I have said, the materialists have so far utterly failed to co- 
ordinate the vital force with those which we designate as material. 
The beautiful and important discoveries which have followed re- 
searches into the correlation and conservation of forces by pointing 
to a unity of all the forces in the material world have naturally • 
prompted efforts to centralize, with electricity, magnetism, and chem- 
ical affinity, that which we know as vital force. But a moment's re- 
flection will show us how far removed is this vital force from all 
others with which it has been compared. 

The nicest manipulations of chemical science will probably fail to 
detect a difference in composition between the microscopic germs of 
two cryptogamous plants. Each consists of the same elements, — 
cf^rbon, nitrogen, hydrogen, and oxygen, in nearly or quite the same 
proportions. Both may be planted in a soil which laborious mixture 
has rendered homogeneous, and subsequently supplied with the same 
pabulum, and yet, in virtue of some inscrutable, inherent principle, 
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one develops an humble moss, and the other rises into the beauty, 
symmetry, and even grandeur of a tree fern. The same lesson is 
taught by the spermatozoa of the mouse and the elephant. Indeed, 
all the phenomena which attend the reproduction of species are 
totally at variance and incompatible with those which mark the action • 
of inaterial laws. Why, in physical circumstances differing toto coslo, 
does the germ produce a plant or animal so closely copying the 
parent ? and whence this tenacity of purpose in the germ which re- 
produces, through a long line of posterity, the trivial characteristics of 
a remote ancestor? Even within our limited observation, we have 
been struck by the reappearance in the grandchild of the voice, the 
gesture, the stature, the features, or some other marked peculiarity of 
his grandsire. Whence comes the force of the axiom that ".blood will , 
tell "? — and how incomprehensible that, by the action of only mate- 
rial laws, mental force, or, it may be, moral infirmity, is transmitted 
from generation to generation, in spite of the system of infinitesimal 
dilution through which it passes ! 

And now, even with this hurried and sadly imperfect exposition §[ 
the tendency of modem science, the time at our command has been 
consumed. Before leaving the subject, however, I crave your indul- 
gence for a word to those who, wholly a^porbed in the study of the 
laws which regulate the material universe, are so deeply impressed 
with their universality and potency that they forget that law is but 
another name for an order of sequence, and has in itself no force. 
These are they who, in their pride in the achievements of the human 
intellect, fail to realize that the universe furnishes conclusive proof that 
all our philosophy, all our logic, all our observation, are utterly inade- 
quate to solve the problems that are presented to us, — inadequate not 
simply from the limited nature of our powers of observation, but be- 
cause the human mind, though forced to confess the existence of the 
infinite, is utterly unable to grasp it ; and that while the logic of rea- 
son and the logic of numbers suffice for a qualified understanding of 
the manner in which material forces work, of the origin and nature of 
these forces we are and must ever remain ignorant, unless gifted with 
higher powers than we now possess. As has been stated, seen from 
the stand-point of our modern materialists, and judged by the criteria 
which they have adopted, spiritual existence and supernatural phe- . 
nomena, even if as all-pervading as the most devout religionist believes, 
must, from a priori considerations, be utterly ignored. Of those who 
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are thus, led by their regard for the dignity of material 'laws to reject 
the idea of a creative and overruling Deity, I would ask, Is not man 
himself a disturbing element in your universe ? Whatever may be 
said in regard to man's free- agency, and however confidently it may be 
asserted that his will is but the resultant of the various motives that 
operate as distinct forces upon it, consciousness lies at the basis of all 
reasoning ; and the conduct of every man proves that he accepts this 
axiom. As he issues from his door, he is conscious, beyond all argu- 
ment, that it is in his power to turn to the right or to the left ; and 
while he holds himself responsible for his volition, he cannot blame us 
if we ascribe to him free-agency. Man is, therefore, an independent 
power in the universe. He wills and creates. The locomotive is as 
truly his creation as himself, fashioned from the dust of the earth and 
vitalized by the breath of the Almighty, is the work of His hands. If, 
therefore, all the realm of nature is controlled through material laws, 
by forces that, like attraction, electricity, chemical affinity, etc., act in 
an invariable and inflexible way, in this universe man is a stupendous 
anomaly ; and unless he can be degraded from his position of pre-emi- 
• nence in this material world, the boldest and most irreverent of modem 
philosophers will strive in vain to dethrone the Great Creator from the 
rule of the universe, or from H^s place in the hearts and minds of rheix. 



In consequence of the absence of President F. A. P. Barnard in Europe, an arrangement 
vas made according to which Professor Newlmrry delivered the address at Burlington, and 
President Barnard is expected to give his own at the next meeting in Chicago, Illinois. 
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A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 

I. MATHEMATICS AND ASTRONOMY. 

1. Communication of Vibrations. By Benjamin Fierce^ of 
Cambridge; Mass. 

* Cabstsact.) 

About a year ago, my attention was drawn by Mr. Henry Water- 
man, of Hudson, New York, to a curious case of interchange of vibra- 
tion between two pendulums. The pendulums were of equal weights 
and lengths, and hung from different points of a horizontal thread, 
which was perpendicular to their planes of vibration. A similar class 
of phenomena was studied experimentally about the beginning of the 
century by the celebrated savans, but it has never been investigated 
mathematically. 

I have undertaken to consider the geileral case of the communication 
of vibrations between any number of vibrating bodies. I have reached 
the seemingly paradoxical result, that in a mathematical sense there in 
no such phenomenon. The tnatheicaiical formulas, rigidly interpreted, 
give us as many different : !.. vibration to each system as 

it contains different vi^|^^^^^^^^ia|^^^o|e states might exist 
by itself, aad^ mt^afl^^^^^^^^^^^^^^HhUp and ^ forth; 

VOL. xyi. 
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would be permanently invariable, without any appearance which would 
suggest a communication of vibrations. The times of vibration of the 
diflferent states would be different. Every possible state of vibration of 
the system can be decomposed into these elementary states, and bhown 
to be an aggregate of them. As there is no communication of vibra- 
tion in either of the elementary states, there is none in the aggregate. 
Tke apparent communication is, in reality, a phenomenon of interference 
of coexisting states of vibration which have different periods of vibration. 
Thus in the case of Mr. Waterman's two pendulums, one state of 
vibration is that in which the two pendulums are in the same phase of 
vibration, so that they vibrate as one pendulum, a little longer than 
either of them, as is evident from the mode of suspension. The other 
state of vibration is that in which the two pendulums are in opposite 
phases, and, .in this case, the time of vibration is a little less than that 
which belongs to either pendulum. When these two states are com- 
bined with equal amplitudes of vibration, each pendulum will come to 
rest at certain intervals, and alternates in such order and magnitude of 
succession as to satisfy the law of the preservation of power. 

The same phenomenon would* happen if the two pendulums had been 
restrained by the mutual connection of a spring, so that they could 
not recede very perceptibly from the same apparent phase of vibration. 
But in this case, the state of opposite vibration would be replaced by 
that in which the spring would be constantlji subject to compression 
and the reverse. A clock, constructed with two such pendulums, 
would be subject to two different states, and would be liable to pass 
from one to the other, under circumstances which the observer could 
not regulate. I believe that this is the cause of the capricious change 
of late in the clock of the Cambridge Observatory. Were a clock to 
be constructed with three, four, five, six, or more pendulums, the neces- 
sary effect of such construction would be to introduce a corresponding 
number of different rates which would embarrass observation, and not 
to give one mean uniform rate, which would be the average of the 
rates of all the pendulums. 

Were two clocks attached to the same pier, they would necessarily 
affect each other's rates in the same way, so that it is quite important 
in an astronomical observatory, to place the clocks in such isolated 
positions that there shall be no mutual influence between them. 
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2. On the Determination ov Geographical Latitude prom 
Observations in the Prime Verticax. By William A. 
EoGERS, of Alfred, N. Y. 

(▲BSTBACT.) 

That process of determining the geographical latitude of a place 
is the most advantageous which^most completely eliminates instru- 
mental errors and at the same time offers the greatest facilities for 
observation. It is my design, in this paper, to show that the method 
originally given by Bessel, and modified by Chauvenet, of deducing 
the latitude from equations of condition formed from single transits 
over the prime vertical, is especially adapted, either to the most exact 
determination in fixed observatories, or for use in topographical sur- 
veys, where only transient stations are established. H 

The following is the order of discussion observed : — 

I. Discussion of star places, from the following authorities ; viz., 
Bradley, 1755; Lalande, 1800; Piazzi, 1800; Groombridge, 1810; 
Bessel, 1825; Argelander, 1830; Struve, 1830; Pond, 1830; Airy, 
1840; Robinson, 1840; Henderson, 1840; Airy, 1845; Radcliffe, 
1845 ; Madras, 1850 ; Airy, 1850 ; and Airy, 1860. 

II. Description of instruments. 

III. Order of observation for 1866. 

IV. Formation and solution of conditional equations for 1866. 

V. Discussion of results for 1866. 
YX' Order of observation for 1867. 

VII. Formation and solution of conditional equations for 1867. 

VIII. Discussion of results for 1867. 

IX. Investigation of errors. 

X. Discussion of the thesis that " The latitude may be more nearly 
determined from Fundamental Stars, passing the meridian at widely 
different distances from the zenith, than from stars passing the merid- 
ian near the zenith, taking into account the present uncertainty in- 
volved in the declinations of zenith stars.'' 

XI. Some remarks on the availability of this method, as compared 
with the Zenith Telescope Method, in topographical surveys. 

In 1866, no star has been used whose declination is more than 8® 
less than the latitude. 
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Date. 

June 18, 

U, 
July 14, 

16, 
July 24, 

26, 
July 28, 

29, 
July 30, 

31, 

Aug. 1, 

7, 



BEtULTS FOB 1866. 

g? is assumed =42^ 15' iy'.2. 



Position of Weight=No. * ^^ 

instrument. of observations. ^^ 



Circle South. 
Circle ISQisfii, 

as. 

C.N. 

c. s. 

C.N. 

* c. s. 

C.N. 

c. s, 

C.N. 
C. S. 
C.N. 



4 
4 
4 
^6 

13 

6 

12 

7 
3 



+1'M0 
-f 1 .08 
—0 .27 
-fl .64 



+ .07 

- .66 



with wd^ts. 



-f-l".09 
+ -74 
+ .86 
+1 .17 
-f .87 
— .16 



g)=42^ 15' 19^.74. 

For 1867 qp is assumed = 42^ 15' 19".80, and the 
used as for 1866, together with Fundamental Stars 
American Ephemeris, varying in declination between 



Mean -|- .64" 



same stars were 
taken from the 
16^ and 32^. 



RESULTS FOB 1867. 



Date* 


Position of 


Weight=No, 


Jcp 


Mean^qp, 




instrument. 


of observations. 


with weights.' 


April 1-1 


C. S. 


12 


— ".01 






C.N. 


9 


+ .44 


+ 'M8 


April 28 


c. s. 


6 


+ .66 






C.N. 


.6 


— .27 


+ .20 


April 28 


C.N. 


6 


-^ .06 


— .06 


June 4,, 


.C. s. 


6 


+ .60 






C.N. 


6 


— .80 


— .16 


June 6, \ 
June 6, i 


C.N. 


10 


— .06 




C. S. 


7 


— .26 


— .11 


June 18, 


C. S. 


8 


— .92 






C.N. 


6 


+ .83 


— .16 



and 9 = 42" 16' 19^.79. 



Mean J<f=.- 



".01. 



MATHEMATICS AND ASTRONOMY. 



21 



Combining the results for 1866 and 1867 by weights, there results : 

g) = 42°15'19".78±".08. 
In order to find the effect of an error in observing the time of pas- 
sage over the prime vertical upon qp. for stars of different declinations, 
I have selected eight Zenith Stars whose mean declination is 40^, and 
eight Fundamental Stars whose mean declination is 25^ and which for 
distinction are designated Equatorial Stars^ The corresponding hour- 
angle, ^, is, for Zenith Stars 23^, and for Equatorial Stars 69^. 

The probable error in ^, designated d&, was found by comparing 
the observed with the computed intervals between the several threads, 
and from the values of dd^ thus found the effect upon dqj was com- 
puted by the following formula : — 

dq)= ±.d{y sin 2q) tang. 0: 
~2 

RESULTS. 



Zenith Stabs. 




Equatorial Stars. 




No. int*v*8 J/y 
Star. d compared. ^^^ 


dq 


No. int'v'8 fJA 
Star. d compared. "'^ 


dq 


o / ff tf 


ti 


o ' . S 


ti 


d Herculis ' 83 46 86 ± .088 ± 


0.26 


7 Geminonim 16 80 21 -f- 027 


±0.58 


12Canum 39 2 28 .048 


.16 


oBootis 19 62 21 .032 


.25 


feHercuUs 89 11 86 .064 


.19 


<5 Geminonim 2i 18 21 .080 


.45 


bCanum 89 45 85 .074 


.24 


//Geminonim 22 36 21 J0H2 


.46 


llnHercuU8 46 61 28 .083 


.20 


q Geminonim 27 06 14 .028 


.82 


biBootis 4117 28 .108 


.20 


a Coronae Bor. 27 40 14 .081 


.84 


bsBootis 4121 42 .167 


.82 


p Geminonim 28 21 21 .040 


.40 


19Canum 4188 28 .120 


.20 


a Geminorum 82 11 28 .046 
Mean 


.34 


Mean -f- 


.22" 


±.48 


The following table shows the pr 


obable error of dq from all sources 


Zenith Stars. 




Equatorial Stars. 




dq 




dq 




From error in observation,-!- .22 




From eiTor in observation, ± .43 




" " dT= -t .75", -t .16 




" "dT= ± .75", ± .62 




•• " a = il.5", ± .82 




" " a=: ±4", ± .35 




« " (J = ±1.2^ ±1.21 




" " ^= ± 4", . ± .52 




" " reading level, ± .47 




" " reading level, ± .57 




" " one div. level, -t .15Xno 


div. 


" " one div. level, ±.15xno.div. 


Mean± .421" 


Mean ±.420 
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It is therefore obvious, that, in these particular observations, the 
total probability of error as eifecting 9 is very nearly the same for 
the" two cases. Of course with other stars and with other observers, 
these values would vary somewhat, yet the general result would not, I 
think, be affected. If now we take into account the great labor in- 
volved in the reduction of Zenith Stars, and the uncertainty in the 
element of proper motion, together with the fact that the use of Funda- 
mental Stars greatly fjicilitates the increase of the number of observa- 
tions, it is not doubtful, I think, where the adjutage rests. 

It is my own experience that eight or ten carefully observed transits 
over the prime vertical, one half east and one half west of the me- 
ridian, and with the instrument in reversed positions, occupying from 
one to three hours in observation and from one to two hours in reduc- 
tion, will give the latitude within "A. 



3. Remarks on Personal Equation in Transit Observa- 
tions. By G. W. Hough, of Albany, New York. 

(abstract). 

The " personality " of the eye, in recording transits by the mag- 
netic methpd, was only considered. The total amount of " personal- 
ity '' may be separated into two distinct portions ; viz., that due to 
the individual, and that due to the instrument. 

The individual " personality," all extraneous conditions remaining 
the same, is not liable to very great change, either from day to day, or 
year to year. But the " personality " due to the instrument, or the 
method of observation, is subject to large variations. 

The following conclusions were arrived at from the study of numer- 
ous experiments extending over a period of seven years. First, — 
The absolute '^ personality " as deduced from the observation of arti- 
ficial stars, by means of the chronograph, is found to vary, for the 
same individual, from year to year, from day to day, and even from 
hour to hour; but the variation is always very small provided all the 
conditions of observation are the same. Second, — The absolute 
"personality" varies with the apparent motion of the moving object. 
The greater the apparent angular velocity, the less will be the personal 
equation. Hence it is concluded, that in the observation of transits 
the personal equation will vary with the declination ; and also with 
the magnifying power of the telescope. 
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The difference of personality between two observers does not ap- 
pear to be constant for stars of different magnitudes. From observa- 
tions and experiments made during the past year, it appears that the 
difference is the least for bright stars, and greatest for faint ones. 
If subsequent investigations shall prove this conclusion to be correct, 
it will probably be found to* be due to defective vision. In the ob- 
servation of faint stars a feeble illumination is used and the wires 
are sometimes indistinct. But when a bright star is observed with 
the same illumination, the light of the star itself renders the wires 
distinctly visible. 

The personal equation for the same individual varies with the kind 
of illumination employed. Observations made with illuminated wires 
are not directly comparable with those made with iUuminated field. 
Our meridian instruments are so arranged that we can instantly 
pass from one kind of illumination to another. The transits of a 
large number of stars were observed, using illuminated wires for the 
first seven and illuminated field for the last seven, and vice versa. It 
was found that the difference between the two methods was well 
marked, amounting in the maximum to three tenths of a second of 
time. • 



4. Observations of Venus near Inferior Conjunction. By C. 
S. Lyman, of New Haven, Conn. 

A phenomenon of much interest, and, it is believed, never before 
observed, was exhibited by the planet Venus at the time of her last 
inferior conjunction (Dec. 11th, 1866), as seen in the Clark nine-inch 
equatorial of the Sheffield Observatory, at New Haven, — viz.; The 
extension of the cusps of the crescent so as to coalesce and form a com- 
plete ring of light. 

The prolongation of the cusps beyond a semi-circle attracted attention 
on the 7th, when the planet was 6J° from the sun, the arc of the crescent 
being then about 220^. On the 10th, irom 10 A. m. to 3^, f. m., the 
full ring was seen repeatedly by several observers. It was an exceed- 
ingly delicate and beautiful object, being, on the side opposite the sun, 
the merest thread of light. The observation was difficult, on account 
of the blaze of sunlight in the field, which there were no means cf 
much reducing. Indeed, the full ring could not, in the circumstances. 



24 A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 

t 

he seen constantly, but only when the glare of the sun was most dimin- 
ished, and the atmosphere steadiest for definition. At other times, the 
crescent was easily seen extending, at least, 270^, and generally 300 
or 320^. When latest observed, at 3J o'clock, Venus was only 1** 8' 
from the sun's limb. The nearest approach of centres was on the 11th 
at 9 hours 52 minutes a. m. No attempt was made to find the 
planet, as it was then less than 22' from the limb. On the 12th, how- 
ever, at 11 houra 30 minutes A. m., the completed ring was again 
observed, the planet's elongation from the sun's centre being then 
1^ 51'. Twice, when fortunately a passing cloud shut off the sun for 
a few moments, leaving the planet still visible, the view was particu- 
larly satisfactory. At other times, the coalescence of the cusps was 
seen, not constantly, but at favorable moments, as on the 10th. About 
2 o'clock, the full ring was clearly seen with a Clark five-foot refractor 
of 4§ inches aperture and power of 90, by placing the telescope so as to 
have the sun behind a neighboring chimney. 

With both telescopes, a marked inequality was noticed in the ring on 
the northern side, a portion of the delicate crescent being there fainter 
and slenderer than farther towards the point opposite the sun.' This 
fainter arc was several degrees in extent, and, by estimate, about half- 
way between the point nearest and that farthest from the sun. It was , 
seen also by Prof. Loomis. 

On the 14th, the arc of the crescent was 231^; on the 15th, firom 
205"* to 208"* ; and on the 18th, 196^. This arc was determined by 
estimate &om cross wires made to quarter the disc, and also by measur- 
ing its versed sine with a filar micrometer. Owing to the difficulties 
of observation, these determinations are not as exact as could be 
desired, yet, from their general accordance, are believed to be pretty 
good approximations. 

The extension of the cusps beyond a semi-circle has been observed 
before by Schroeter, Herschel, Madler, and others, but they do not 
appear to have had an opportunity of following the planet into so close 
proximity to the sun as was possible at the late conjunction, and hence 
failed to observe the completed ring.- Had the conjunction in 1866. 
occurred twenty-four hours earlier, there would have been a transit. 
Madler, at Dorpat, in 1849,. saw a maximum crescent of 240^, Venus 
being then 3^ 26' from the sun's centre (its nearest approach). 

On the supposition that the phenomenon is* due to the refraction of 
the planet's atmosphere, Madler made the horizontal refraction, from 
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Ills observations, 43'.7. My observations at the late conjunction give, 
by the same formula, 45'.3 as the mean, from six measurements of tlie 
cusps. 
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1. On the Optical Method of Studying Sound. By Jo- 
i^PH LovERiNG, of Cambridge, Mass. 

When the science of Acoustics is studied by means of the ear 
exclusively, we judge of the process simply by the result, that is, by 
the sensation. The optical method of investigation often gives us 
an insight into the process itself. Sound begins with a stationary 
vibration in the sonorous body; it is propagated by a progressive 
undulation ; and it ends, physically aijd mechanically considered, in a 
vibration of some one of the three thousand nervous filaments discov- 
ered by Corti in the labyrinth of the human ear. Whether we 
regard the sound, therefore, at its origin, in its promulgation, or in 
the sensation, it is nothing but a vibration ; and vibration is motion, 
and motion is the subject of vision. So that to see sound is only 
to see the motions which cause it The only difficulty of seeing 
sound lies in the fact that the acoustic vibrations are upon a 
microscopic scale of magnitude, and, by their quick succession, the 
separate effects of individual vibrations blend into one sensation, 
in the .eye as well as in the ear, by virtue of what is called in both 
cases the persistency of the impression on the organ of sensation. 
To overcome the first difficulty a beam of light is reflected from the 
vibrating body, or a mirror attached to it, which moves in angle 
twice as fast as the body itself, while the motion in arc may be 
amplified to any extent by increasing the length of the beam of 
.light. The second difficulty is surmounted by reflecting the vibra- 
tions of the sonorous body itself, or some more visible effect which 
. they originate, from a revolving mirror. By this device of looking 
at the image of the body, instead of the body itself, its vibrations, 
which coexist in space, are disentangled from each other, and move- 
ment vibrations, hundreds of which succeed each other in a single 
second of time, are translated into a long belt of space, in which 
even two successive ones do not overlap. 

. VOL. XVI. 4 
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The optical method of studying sound embraces, in general, Savart^s 
contrivaijce for discovering and exhibiting the nodal lines of plates by 
means of sand sprinkled over their surface, the investigation of the 
nodes and bellies of sounding strings by mounted riders, and Df col- 
umns of air by a little drumhead suspended in the pipes, and more 
recently Lissajous' mirrors attached to tuning-forks, etc., Koenig's 
flames played upon by yibraflng columns of air and reflected in a re- 
volving mirror, and, finally, Melde's strings excited by the sympathetic 
vibration of an attached tuning-fork or bell. 

The present communication is confined, however, to Koenig's re- 
flected flames, in which. are seen the individual vibrations of an organ 
pipe ; by which can be beautifully demonstrated to the eye : First, — 
That the lyimber of vibrations increases with the audible pitch ; 
Second, — That coexisting vibrations produce maxima and minima of 
motion corresponding to the beats which are recognized by the ear ; 
Third, — That one column of . air will respond, in sympathetic vi- 
bration, to another when there is an agreement between their fun- 
damental notes or some of their harmonics ; Fourth, — That two 
unison-pipes, brought into intimate neighborhood, will move so that 
the vibrations of the air cross one another and produce silence, as 
Savart showed experimentally in the case of pendulums of equal 
length vibrating in company. 

This peculiar case of unison-pipes I have made a subject of special 
investigation. In complex cases, it would doubtless be impossible so 
to arrange the voices and instruments that the total volume of sound 
should be multiplied in the same ratio as the number of performers. 
The effect of a large chorus or a large orchestra will disappoint ex- 
pectation, from the unavoidable interferences of sound-waves. But in 
the simple case of two unison-pipes, can they be prevented from 
silencing each other ? Tlie remedy for the evil would be : First, — 
To sacrifice in a measure the perfection of the unison ; or, Second, — 
to place them at a distance beyond each other's influence ; or, Third, — 
to separate them by one-half of the wave-length which propagates a , 
sound of the giveif pitch, or by some odd multiple of that quantity. 
The latter remedy would answer for auditors in the direction of the 
line which united the two pipes, though not for the audience generally. 
In studying the eflfect of position I have made the following experi- 
ments, the ear being the judge; or the eye, looking at the broken 
ribbon of light in the revolving mirror. 
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I. The pipes are placed side by side. 

.1. With similar ends together, they silence each other. 
2. With dissimilar ends together, they silence each other. 

II. The pipes are placed with their axes upon the same straight 

line. 

1. If similar ends are together, whichever of the two ends be se- 
lected, they silence one another. 

2. If dissimilar ends are together, they silence each other. 

III. The pipes are placed at right angles to one another, with one 
extremity of each pipe at the angle. 

1. If the ends that are played are at the angle, the pipes rein- 
force each other. 

2. If the other ends are at the angle, they tend to silence each 
other. 

3. If dissimilar ends are at the angle, they reinforce each other. 

^ In all these experiments the pipes employed were open at both ends. 
Now that science is in possession of this delicate optical method, 
which requires for its success no nice musical ear, other problems, here- 
tofore settled by assumption, may be brought within the range of 
demonstration. 



2. On a Method of Measuring Musical Intervals upon a 
Spiral Projection. By Samuel D. Tillman, of New York, 
K Y. ■ ' 

tk 
Vibrations, producing the different sounds of the diatonic scale, 

have fixed numerical relations. Starting from the fir^t or lowest sound, 
and proceeding upward, the eighth sound is found to harmonize most 
perfectly with the first ; proceeding still upward, the fifteenth is found 
to harmonize just as perfectly with the eighth, and the twenty-first 
with the fifteenth. Each of these four sounds are, therefore, regarded 
as the first in a distinct, but similar, series, embracing seven sounds. 
The vibrations producing each sound of the first series are, to those 
causing a similar sound in the second, as 1 to 2. This natural divi- 
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sion of musical sounds into septaves is not clearly shown when the 
chairacters or signs representing these sounds are arranged in one right 
line, as found in all popular systems of instruction ; moreover, the ear, 
in demanding the addition of the octave, as the terminal note of the' 
diatonic scale, helps to mislead. 

To obviate this difficulty, I repre- 
sent the progress of pitch, from the 
lowest to the highest musical sound, 
perceptible to the human ear, by a 
line passing spirally around a cone, 
as seen in Fig. 1. 

Each ring measures a septave. A 
right line drawn from the apex t6 the 
base of the cone cuts the spiral at each 
point where tliere is an apparent re- 
turn to the tonic by a repetition of 
the octave. All the sounds ^known 
as C are shown. On the right is the 
number of vibrations producing each, 
assuming that the middle C has 612, or is the ninth octave of an im- 
aginary sound, having one vibration per second. The French standard 
pitch requires for this sound 522 vibrations per ^ econd. On the left 
are the positions of all the notes C on the staff, as fixed by the base 
and treble clefs. 

Twelve similar right lines, at equal 
distances around the cone, would rep- 
resent the intervals of the chromatic 
scale, as made by keyed instruments ; 
and seen from the top of the cone, 
they would appear, as shown in Fig. 
2, which measures all the intervals 
made on the largest sized organ. 

The true spiral projection, repre- 
senting a single septave, is shown in 
Fig. 4. The line CO being the length 
of a string or pipe giving the sound 
C ; and c 0. a similar string or pipe, half as long as the first, which ' 
gives a sound an octave higher than the first sound. The perfect 
concord of these two sounds arises from the fact that every wave of 
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air producing the lower sound strikes the ear 
simultaneously with every other wave caus- 
ing the octave. 

The intermediate sounds of the diatonic 
scale would be measured on the septave by 
lipes proportionate to the length of strings 
or pipes producing such sounds. Only three 
are shown at E, F, and G. The ratio of the 
vibrations producing these sounds respective- 
ly with those producing C being as 4 : 6, 3 : 
4, and 2 : 3. The generation of a spiral on 
this plan, to embrace every septave, requires that the length of the 
radius vector should be doubled with every revolution of the generatrix, 
and would, therefore, on account of its size, be quite inconvenient. 
For general use I substitute a true circle for one ring of the spiral, and 
divide it into twelve equal parts or grades to represent the tempered 
intervals of one septave, as made by keyed instruments. It resembles 




4 5 6 7 8 9 1 01112 



the ordinary watch dial, 12 being the 
starting-point or the tonic of the natural 
key. The position of the figures on a 
watch-face being so early learned and so 
familiar to every one, there is but little 
difQculty in adapting them to musical in- 
tervals. Inverting the circle of figures, 
its application to the keys of a piano, 
or an organ, are shown in the annexed 
illustration. Fig. 5. 

Two septaves of keys are shown in 
Fig. 3. The numbers 12, 2, 4, 5, 7, 9, 
11 correspond with the letters designating the notes of the natural 
key of C, while the numbers 1, 3, 6, 8, 10 designate notes used in other 
keys. This application of num- ^. 

bers to the twelve sounds em- 
braced in a septave obviates 
the necessity of sharps and fiats 
which do not properly belong 
to the tempered system em- 
ployed on keyed instruments. 
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The''position of the numbers used in the key of C, on the stafl^ as 
fixed by the base and treble clefs, are shown in Figs. 6 and 7. 



Fig. 7. 
3^ 



Fig. 6. 
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These prelim inarj'^ statements will make plain the use of my Tono- 
meter, which measures to the eye all musical intervals. (The instru- 
ment was here presented by the speaker, and illustrated on the black- 
boar(i.) It consists of a sheet or plate containing a circle divided into 
spaces representing the intervals of the true as well as the tempered 
system. A division of the circle into equal spaces, so as to measure by 
multiples of one such space all intervals that can be made by modula- 
tions, would be so minute as to be of no practical service. I have sub- 
stituted a near approximation to the true intervals by dividing the cir- 
cle into fifty-three equal parts called commas. The comma used is the 
difference between the first and the second intervals of the diatonic 
scale, expressed by the ratio of \\. Taking the ratio of the air- waves 
producing each sound of the true septave with those producing the 
tonic, and deducing the ratio of the several sounds with each other, we 
have the following ratios of intervals : |, V-> \% % V-> i> W The 
^rst three ratios being nearly as the whole numbers 9, 8, 6, we may 
measure the so-called major-tone, minor-tone, and semitone intervals of 
the septave by 9, 3j 5, 9, 8, 9, 5=53, or the whole number of units in 
the circle. 

The same circle is also divided into twelve equal parts representing 
an isotonic temperament of the chromatic scale, applicable, however, to 
keyed instruments tuned by allotonic temperaments. 

Within this fixed circle is a movable circular disk, having upon it 
the same divisions representing the true and tempered intervals. As 
the notes of the septave have the same fixed relation, it is evident that 
the position of the movable tonic at any pitch shown on the fixed cir- 
cle will determine the position of every other note on the same circle. 
The notes of the septave represented on the disk are distinguished by 
the common syllables used in solfeggio, and the numbers by which 
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they are known in figured base. Within the movable circle, repre- 
senting the intervals, and in the major mode, is another series of signs, 
representing the notes of the minor mode. Thus completing the sym- 
bols for one key, by turning the tonic sign from C to G, D, A, E, B, 
and F sharp respectively, we see at a glance the notes belonging to 
each key in a modulation by sharps. Again, starting from C and pass- 
ing to F, B flat, E flat, A flat, D flat, and G flat, we find, in turn, the 
sounds belonging to these several tonics. The employment of numljers 
in the place of letters renders these changes in modulation much more 
simple, and obviates the unwarrantable use of the terms " flat '' and ^ 
" sharp." In a modulation by sharps, seven, added to the last tonic, 
gives the next succeeding one ; thus 12, 7, 2, 9, 4, 11, 6. In. a modula- 
tion by flats, 5 is added ; thus we have 12, 5, 10, 3, 8, 1, 6, as the 
regular order of tonics. Both series begin and end with the same figures. 
The seven sounds used in each modulation are determined by this 
simple rule ; viz.. If the tonic is an odd number, the next two notes are 
odd, and the remaining four, even ; vice versa, if the tonic is an even 
number, the next two notes are even, and the remaining notes odd. 

A synopsis of chords expressed by the solfeggio syllables is adapted, 
by means of the revolving disk, to the twelve different modulations 
made by keyed instruments. ' . 

The relations of sound and color are shown by applying the colors of 
the solar spectrum to the seven intervals of the septave. Red, made by 
the lowest number of undulations, represents the tonic; yellow, the 
mediant ; and blue, the dominant. I have elsewhere pointed to the 
very curious coincidence arising from this arrangement of colors ; the 
darkest color, indigo, falls on the relative minor tonic ; and the bright- 
est,, yellow, on the brilliant mediant; from which the deduction is 
^ade that light, heat, and actinism result from the undulations of the 
same attenuated medium ; th^t the two forces last named vary inversely 
as the length of undulations, while the perception of light and color 
results from the ratio ortindulations embraced in a single octaye. 

The intervals of the three major and three minor common chords are 
respectively measured by 4, 3, and 5 grades* ai\^3, 4, and 5 grades. 
Discovering that, in each case, the sum of the squares of the first two 
numbers was equal to the square of the third number, I was led to 
represent these triads by right-angled triangles. In comma terms the 
equation is 17^ + 14^ = 22^ + 1- . T^® s^^® terms show that twelve 
consecutive fifths overlap seven consecutive octaves, that is^ 31 X 12 = 
63x7 + 1. • ... 
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Further deductions have been made which are, however, foreign to 
the purpose of this paper, but this lingular relation of lines and angles 
to the harmony of color, as well as sound, does suggest that there are 
certain connecting links between form and motion, the discovery of 
which may reveal, partiaUy, at least, those processes of nature, produc- 
ing both permanency and growth;* and that, eventually, man may 
comprehend the operation of those wave-forces which, by harmonious 
blending, shape cell and crystal and define the forms of leaf and 
flower. 

In conclusion, I would advocate a change in the solfeggio syllables 
which gives each a vowel termination,- and, at the same time, assists the 
vocalist in# determining vtheir harmonic relations. This slight reform 
only carries out what seems to have been the original intention of the 
early masters. The Greeks applied to their tetrachords the syllables 
jTa, Te, The, Tho. Although their system was early supplanted by 
the septave, no improvement in solmization was made until, in the 
eleventh century, Guido Aretino designated the first six sounds by dif- 
ferent syllables. He was led to their use by noticing a marked rela- 
tion between .the ascending sounds given to the first syllables of the 
following Hymn to St John: — 

Ut queant laxis, 
Besonare fibris, 
Mira gestorum, 
Famuli tuonun, 
Solve polluti, 
Labii reatum, 
Sancte Johannes. 

Eegarding this discovery as a special revelation to him, he did not 
venture to complete the scale, which was done long after his time by 
adding si. The consonant ending of two of these syllables was not 
favorable to prolonged vocal sound. Ut was afterward replaced by do. 
The I in sol, when followed by la did not s^m so objectionable, and 
sol has held its place among syllables which have been used in solmi- 
zation for eight hundred* years. Guide's scale commenced on G, and 
was sometimes designated by the Greek name. Gamma, also by ut, 
from whence arose Gammut] thiis the discarded ut has found a perma- 
nent place in the name of the scale. The change I propose is the sub- 
stitution of To for do, and of do for sol ; thus To will always be found 
on the Tonic ; mi on the Mediant ; and do on the Dominant ; and To- 
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mi-do will express the common chord now known as'the^rsf, third, 
and fifth. All chords may be indicated by a combination of solfeggio 
syllables, and numbers only used to designate the twelve grades of the 
spiral which represent the twelve intervals of the tempered system. 



3. On a New Form of Wave Apparatus. By C. S. Lyman, ot 
New Haven, Conn. 

The class of waves which this piece of mechanism was designed to 
illustrate is that whose type is the ordinary ocean wave in deep water. 
The apparatus. exhibits not only the wave profile with its progressive 
motion, but also the motions taking place below the surface, in the 
whole mass of liquid affected. Since the motions in the apparatus are 
essentially the same as in nature, the leading geometrical and dynami- 
cal facts pertaining to the theory of waves are presented with com- 
pleteness, and in their true relations. The wave theory illustrated is 
that established by Gerstner, Scott Russell, Rankine, and others, and 
which teaches that^ in such waves, all the particles are revolving syn- 
chronously, and in the same direction, in vertical circles. An able 
analytical exposition of it, by Prof. Rankine, is contained in the Phil- 
osophical Transactions for 1863.* 



' ' ' ' ' 'JJJ, 



* It is somewhat singular that this theory, though more than half a century 
old, has, nevertheless, but just begun to supplant, in X\^ text-books, that which 
explains wave motion as a yertical oscillation of neighboring liquid columns, as 
in the two branches of a U-shaped tube, a theory conunonly credited to Newton ; 
though Newton, in fact, only used it as a convenient approximative hypothesis for 
a particular- purpose, not as a theory true to nature, remarking in conclusion, 
" Hoec ita se habent ex Hypothesi quod partes aqusB recta ascendunt vel recta de- 
scendunt ; sed ascensus et descensus tile veriusJU per circulum" 
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The construction of the apparatus is simple. In front of a plane 
surface are two series of revolving arms or cranks, the length of the 
lower ones being half that of the upper. Two elastic wires connect 
the crank-pins of each series ; upright wires also connect eacli pair 
of cranks, and pass down through a plate into, the base. The cranks 
all revolve synchronously ; they thus *keep their relative position, and 
come into any particular position successively, each in its turn. The 
relative position of the cranks of each series is such, that the directions 
oT. any two, in regular order, diflFer by the same fraction of a whole 
revohition that the distance between their axes is of a whole wave 
length. In the apparatus, the length.of a wave is divided into eight 
equal portions, and hence, the common difference in the directions of 
the crank-arms is one eighth of a circle, as shown in the figure. The 
positions of the cranks in each vertical set are always alike. The 
number of cranks, whether reckoned horizontally or vertically, is 
arbitrary, — a matter of convenience. Their synchronous revolution 
is produced by any suitable mechanism, such as toothed wheels, rag- 
wheels with endless metallic ribbon or chain, or cranks and con- 
necting frame. In the original machine, equal toothed wheels, one on 
each axis, with intermediate idle-wheels, give the required motion. 
For small machines the thu'd method is used, as in the model for the 
Patent Office. 

The crank-pins represent as many liquid particles, and the circles 
behind the crank-pins their orbits. The transverse wires represent 
lines of equal pressure, or continuous lines of particles, which at rest 
would be horizontal, and so coincide with the lines drawn just below 
the centres of the orbits, the upper one of these being the surface line, 
the lower one a line of particles one ninth of a wave's length below. ' 
The upright wires represent lines of particles which at rest would be i 
vertical. Every ^oint in these moving lines describes its own distinct , 
orbit. The spaces between the wires show the varying distortions of ' 
sections of water originally rectangular. ^ 

The radius of the large circle is made such that its ratio to thSj 
radius of a particle's orbit is equal to the ratio of gravity, or the weight 
of the particle, to its centrifugal force ; or, putting H and r for the radii I 

respectively, and t for the time of revolution, we make J^: ri: g : i 

hence, t=2 7t\/-» which is the period of a revolving pendcdum whose i 
height is E, Such a pendulum, then, will keep time with the wave. > 
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The force acting on a particle being the resultant of its weight and 
centrifugal force, if the latter be represented, in intensity and direction 
by the crank-arm or radius vector of the particle, the former, or gravity, 
will be represented, similarly, by the vertical radius of the large circle, 
and the resultant of the two by the third side of the triangle, or a line 
drawn from the top of this radius to the particle. The wire pendulum 
Tepresents this resultant, and, like it, is always normal to the wave 
surface. 

The measure of the resultant force being the distance on the wire 
pendulum from its point of suspension to the wave surface, it is seen 
that when the particle is at the top of its orbit, the acting force is its 
weight minus its centrifugal force ; when, then, the centrifugal force 
equals the weight, as in high short waves, the resultant becomes zero, 
and the particle, no longer held by gravity, flies from the crest in foam. 

Since the wire-pendulum is always normal to the wave-curve, its 
entre of oscillation is the instantaneous centre about which may be 
described an element of the curve at the point of normalcy. Hence 
if this circle be rolled along under a horizontal straight line, a point 
within it, at a distance from its centre equal tb half the height of a 
wave, will describe a trochoid, which is the wave profile. Consequently, 
the circumference of the rolling circle is equal to the length of a wave ; 
and the period of a wave is that of a revolving pendulum whose height 
is the radius of the same circle. 

If the describing point be taken in the circumference of the rolling 
circle, the curve is an inverted cycloid. The cycloidal cusp, fbeU; is the 
limit of sharpness of a wave's crest, the radius of the orbit being, in 
that case, equal to that of the rolling circle, or, in other words, the par- 
ticle's centrifugal force equal to its weight. All possible wave profiles, 
therefore, are trochoids of curvatures ranging between the limits of the 
cycloid oa the one hand, and the straight line on the other, or between 
the sharp crest breaking in foam and the level of still water. The 
greater sfiarpness of the ciests than of the troughs; with its cause, is 
conspicuous in the apparatus. 

It is seen also that the crests rise higher above the level of still 
water than the troughs fall below it. The difference is equal to twice 
the height due to the orbital velocity of the particle, or is a third pro- 
portional to the radius of the rolling circle and the radius of the parti- 
cle's orbit; that is, putting i? and r for these r^dii respectively, and D 
for the difference in question. 
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The rolling circle is the same for all wave profiles (or surfaces of eqnal 
pressure) down to still water, the tracing arm, or orbit-radins, only 
becoming shorter in a geometrical ratio, with increase of depth. The 
rate of shortening is approximately one half for each additional depth 
equal to one ninth of a wave's length ; or, more exactly, putting r and 
/ for the radii respectively of a surface orbit and of one whose middle 
depth is k, it is 

B being the radius of the rolling circle, and e the base of the Kaperian 
logarithms. 

The distance of the crank-axes above the horizoiital lines on the 
background corresponds to the distance of the orbit-centres of cor^ 
responding particles in wave motion above the position of the same 
particles when at rest; this distance is a third proportional to the 
diameter of the rolling circle and the radius of the particle's orbit, or 
is equal to the height from which a body must fall to acquire the 
orbital velocity of the particle, or, is equal to the area of the orbit 
divided by the length of the w^ve ; that is, putting ?i for this distance, 
I for the wave's length, v for the orbital velocity, and the other symbols 
as before, 

r^ 4:71^ r^ v^ Ttr^ 

~2B~ 2gt^ ~2~g~~i~'- 

The length of a wave whose period is t is 

the period 



H'-f-'-^-r 



and the velocity of propagation of such a wave 

t 27t y 2 n 
The motion of the wire-pendulum represents the motion'of the mast 
of a raft floating on the wavers surface ; the upper portion of each 
upright wire shows the motion of a long, thita body floating in a ver- 
tical position, as a board end down ; the varying inclination of the two 
bodies, or wires, to each otlftr shows the kind of strain produced by 
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wave-action on a floating body both broad and deep, such as the hull 
of -a vessel. 

In shoal water, the orbits are no longer circles, but ellipses or ovals, 
with the eccentricity increasing as the depth diminishes, while the front 
slope of the wave becomes increasingly steeper than the back, until 
the crest finally curls over and breaks in #rf. 

The apparatus has been patented, and is manufactured by Messrs. 
E. S. Eitchie and Son, of Boston. 
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1. Tellurium, a Metal. By L. Bradley, of Jersey City, N. J. 

By the kindness of Dr. L. Feuchtwanger, of New York, I am per- 
mitted to exhibit this piece of Tellurium. He informs me that it was 
extracted, from a combination of Tellurium and Gold, discovered on 
the Stanislaus River, in Calaveras County, California. 

At a recent discussion before the Polytechnic branch of the Ameri- 
,can Institute, in reference to it, a question arose as to its metallic 
nature, and its power of conducting electricity. Whereupon I ob- 
tained permission to take it and test its conductivity as compared 
with several other substances. I procured pieces of about the same 
dimension [half-inch square by three-fourths inch long] of zinc, mag- 
nesium, cast iron, graphite, several pieces of coke, black oxide of man- 
ganese, sulphuret of antimony, and sulphur; also an appliance for 
conveniently connecting them, one at a time, into a circuit of short, 
coarse wire, designed to conduct a current of electricity, generated by 
four cups of Hill's battery. The battery being arranged as compound 
battery, i. e., the positive pole of one cup connected with the negative 
of the next, and so on, and using the tangent galvanometer for inten- 
sity, I obtained the following deflections ; viz. : — j 

With no Substance 80*» 

" Tellurium 80° 

'* Zinc 80® 

" Magnesium 80® 

" Cast-iron . ' . SO® 

" Graphite TO^S^ 

" Coke 79o20'to80o 

" Manganese 19° 20' 

" Sulphuret of Antimony . t . .0° 

" Sulphur Qo 
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Quantity Gai.v. 


Intensity Galv. 


28o2(V 


620 


^ 260 60' 


62° 


270 40' 


62° 


270 


62° 


270 


62° 


15° 10' • 


61° 


20° to 27° 


61° 10' to 620 
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With the cups arranged as simple^ or quantity battery, — i. e., the 
positive poles connected, and the negative poles connected, — the de- 
flections were • 
With 

No Substance 

Tellurium 

Zinc 

Magnesium 

Cast-iron • 

Graphite 

Coke 

Manganese 

Sulphuret of Antimony 

Sulphur 

This, shows how little capable a quantity current is of overcoming 
resistance ; for, even the manganese, which, under the intensity cur- 
rent, admitted a deflection of 19® 20', under this, seemed like a perfect 
insulator, even by the very sensitive quantity galvanometer. 

Tellurium heats readily, though not quite so rapidly as zinc, and it 
cools a little more slowly. 

It is not to be expected that, with pieces so small, and with so weak 
a battery, very nice and exact results are to be attained ; but the fore- 
going are sufficient to show that Tellurium is a good conductor of both 
heat and electricity ; and we see that it possesses a brilliant metallic 
lustre. 

The question arises, therefore, why is it that chemists, especially 
those of France, have recently ranked it among the non-metallic sub- 
stances ? • 

Metallic lustre and conducting power have always been looked to as 
the distinguishing characteristics of metals. Kane says, " By the com- 
bination of these two characters, lustre and conducting power, the 
metallic, or non-metallic nature of § body is always distinguished.'^ 

It is true that Tellurium is not malleable nor ductile, as are many 
of the metals ; neither is bismuth or antimony. Like the non-metallic 
substances, it unites with oxygen to form acid. So do antimony, 
arsenicum, gold, chroniium, manganese, and many other metals. With 
hydrogen it unites, forming a hydruret ; so do potassium, arsenicum, 
and antimony. In short, it possesses the universally admitted distin- 
guishing characteristics of metals ; and nothing, either in physical 
character or chemical behavior, which it does not hold in common 
with some other metals. I must therefore call it a metal. 
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2. Preliminary Notice of Experiments on Snow at Tempera- 
tures BELOW 32® Fahrenheit. By Edward Hungerford, 
of Burlington, Vt. 

(abstract.) 

This paper gave full details of a series of experiments, conducted by 
the author, to determine the effect of pressure upon snow, at tempera- 
tures below the melting point. The experiments raise a serious doubt as 
to the correctness of the assertion that snow cannot be converted into ice 
by pressure at those temperatures. By prolonged pressure the glacifi- 
cation of the snow was effected under such conditions as did not seem' 
to admit either of the elevation of the temperature of the snow to 32°, 
or of its liquefaction through depression of the melting point. It is 
claimed that the prolongation of the pressure gives time for the air to 
escape from the meshes of the snow, thus permitting intimate contact 
between the particles, when union takes place, resulting in transparent 
or semi-transparent ice.* The method of conducting experiments was 
explained and apparatus exhibited. The important bearing of these 
experiments on the subject of the glacification of the neve and on the 
theories of regelation leads the author to propose to continue them 
during the coming winter. 



3. Chemical Diagrams and Derivative Symbols, Illustrat- 
ing THE Prominent Characteristics of Chemical Ele- 
ments. By Samuel D. Tillman,! of New York, K. Y. " 

Chemists now recognize at least 64' different kinds of ponderable 
matter which have not, thus far, been decomposed, and are therefore 
regarded as simple bodies. Of these 51 are called metals and 13 non- 
metallic elements. French chemists do not draw the line of distinc- 
tion so broadly, since several of. the non-metallics possess nearly all 
the characteristics of the metals. They recognize 49 of the elements 
as metals, and designate the remaining 15 as metalloids. The objec- 
tion to this classification is, it assumes that all elements which are 
not metals are like metals. Seven of these metalloidi^ are strongly 

* This explanation was not so distinctly stated in the paper. — E. H. 

t Diagrams and illustrations in this paper, entered to Act of Congress in the 
year 1867, by S. D. Tillman, in the Clerk's Office of the District Court, of th« 
United States for the Southern District of New York. 
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electro-negative, and in their general behavior bear no resemblance to 
metals. 

On examining the non-metallic elements, it will be found most con- 
venient to classify them according to the state or condition which they 
assume when isolated. 

Three elements are remarkable for their hardness or impenetrability, 
namely, Carbon, Boron, and Silicon. They are denoted by a 
pyramid in the centre of the first diagram. 
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Fig, 1. 

The three boundaries of one face of a pyramid will respectively 
represent these three elements. Silicon or Silicium fuses at about 
1,450^ Centigrade, the melting point of steel. Boron is reduced 
only at a still higher heat. Carbon, when perfectly isolated and 
surrounded by substances with which it has no affinity, remains solid 
and infusible under the highest heat thus far applied. 

As the antipodes of these hard elements, we have three gases, which, 
under the greatest degree of cold and of pressure yet applied to them, 
have not been reduced to the solid or even to the liquid state. They 
are Oxygen, Nitrogen, and Hydrogen. 
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• The three lines in Fig. 1, farthest from the centre, represent these 
attenuated elements. To the class of simple gases also belong Fluo- 
rine and Chlorine which are represented by the lower lines in Fig. 2. 
Thus the five gases are designated by the five boundary lines of the 





.diagram. Fltjortne is the only element which has not been obtained 
in a separate state ; nevertheless, considerations, which need not here be 
presented, justify the assumption that Fluorine, when isolated, is a 
colorless gas. 

Chlorine is a transparent greenish yellow gas at ordinary tem- 

VOL. XVL 6 
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peratures. When subjected to a pressure of about 60 lbs. to the square 
inch, it becomes a yellow liquid ; yet, when cooled to 140** C, it still re- 
mains unfrozen. 

Between the three hard elements and the five gases, are found five 




Fig, 3. 

non-metallic elements which readily pass from the solid to the gaseous 
state on being heated, viz.. Bromine, Iodine, Sulphur, Selenium, and 
Phosphorus. If the French view is adopted, we must include as met- 
alloids Arsenic and Tellurium. These seven elements are shown in Fig. 
3, which is so arranged as to represent the solid state of the element 
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by a thick line nearest the centre, then the liquid, and lastly, the state 
of vapor near the outside of the diagram. 

It will be observed that Bromine is not represented by a thick line, 
because at ordinary temperatures it is a liquid. Bromine becomes a 
solid at 12°.5 C, and boils at 63° C. 

Iodine melts at 107° C, and changes into a splendid blue vapor, at 
175° C. 

Sulphur melts at 115 C, and becomes .a deep yellow vapor at 
440° C. Sulphur has several modifications of fortn, or different allo- 
tropic states, in each of which it iS differently affected by heat. 

Selenium melts at a little over 100° C. In the crystalline form it 
softens at 217° C, and does not become completely fluid until above 
250° C. Heated in a close vessel, it boils at a little above red heat. 

Tellurium, which has the appearance of a metal, fusee a little below 
480° C, and at k high temperature becomes vapor. 

Arsenic is not known in a liquid state. At 180° C, it begins to 
volatilize without fusing. This peculiarity is represented by a thick 
line extending from the centre to the point, where it is shown as a 
vapor. This element, as well as Tellurium, I prefejr to class among 
the metals. 

Phosphorus melts at 45°, and boils at about 299° C. 

The metals are solid at ordinary temperatures, with the exception of 
Mercury, a fluid which freezes at 39° C, and becomes a colorless 
vapor at about 360° C. A large majority of the metals melt at a high 
temperature; yet several of the light metals, of the alkaline class, 
become fluid a little below the boiling point of water. 

The fifty-one nietals — including Arsenic and Tellurium — are repre- 
sented by the radial lines in Fig. 4 ; the shaded line projecting down- 
ward from the centre denotes the fluid, Mercury. 

This diagram includes all the known elements. It is arranged so 
as to show with clearness their classification as fifty-one metals and 
thirteen non-metallic bodies, also their consistencies wlif^n in. a separate 
state at ordinary temperatures, thus embracing 

5 Gases. 
2 Liquids. 
57 Solids. Total, 64. 

The gaseous elements are again represented by Fig. 5. 

Hydrogen, the lightest, is placed at the top ; Fluorine and Chlorine, 
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the heaviest two, at the bottom ; Oxygen and Nitrogen have an inter- 
mediate position on the sides. Equal parallelograms, projecting from 
tiie sides of the figure, represent equal measures or volumes of each 
gas at the same temperature and pressure ; and the wide mark, or bar, 




Fig. 4. 

within each parallelogram, shows its relative density or specific grav- 
ity. Assuming that one volume of Hydrogen weighs 1, then one vol- 
ume of Nitrogen will weigh 14 ; one of Oxygen, 16 ; one of Fluorine, 
19 ; one of Chlorine, 35.5. As these gases unite in equal volumes, or 
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multiples of equal volumes, in forming chemical compounds, the small- 
est portion which pan enter into combination may be distinguished as 
an atom, therefore the bars designating the density of the gases may 



Hydrogen. 



Nitrogen. 



Wt of I 
VOL =14. 



Chlorine. 



Weight of 1 voL = 1. 



Oxygen 




Wt. of 1 
VOL =16. 



Flnorine 



Fig. 6. 

be taken as the relative weight of atoms which are apposed to be of 
size. The conception of an atom must not be limited by size 
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and weight. It is, in fact, a source of force. Several years ago, I 
advanced the hypothesis that the ultimate atom is a lioilow sphere, 
containing, and surrounded by, the imponderable ethereal element, and 
incessantly moving to and from its own centre. Whatever may be its 
condition in chemical combination, it assumes its original form and 
motion on being released and isolated. 

The arrangement of the elementary gases in Figs. 2, 3, and 4 has 
another important signification. Oxygen unites with all other ele- 
ments except fluorine, and is electro-negative. From the position of 
Oxygen passing around the diagram downward and then upward, we 
find these gases in the order determined by electrolysis, — Hydrogen 
being electro-positive to the other four* 

The non-metallic elements, or metalloids, belonging to the same 
family are placed, as shown in Fip;. 3, in close proximity, so that their 
atom-holding, or saturating power, in chemical combination, may be 
clearly understood. Hydrogen, Fluorine, Chlorine, Bromine, and 
Iodine, having the lowest atom-holding power, are monatomic, or mon- 
ads. Oxygen, Sulphur, Selenium (also Tellurium), are diatomic, or 
dyads. Nitrogen, Phosphorus, Boron (also Arsenic), are triatomic, or 
triads. Carbon and Silicon are tetratomi(j, or tetrads. 

The chemical combination of two ga«eoiis elements and the resulting 

^volume are also illustrated by a series of diagrams. It is supposed 

that not less than two atoms of each element enter into combination ; 

however, the process is rend^ed more intelligible by representing the 

union of single volumes. Fig. 6 shows the combination of a volume 

of Hydrogen with one of Chlorine, 

which, under the influence of light, 

■ ^ unite without condensation, and 

j form two volumes of hydrochloric 

acid gas. 

Although the resulting product 
of the union of these gases is not 
diminished in bulk, yet, at the 
instant each electro-positive atom 
seeks an electro-negative, there is 
expansion. This process of the 
mating of atoms produces explosion. 

Fig. 7 repres^ents two volumes of Hydrogen and one of Oxygen, 
entering into combination and forming steam, which is condensed to 
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Fig. 6. 
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Hydrogen 


/ 

/■ 


Hydrogen 


Oxygen. 



3 vol's. 




two volumes, or two thirds of the original bulk of these gases in a. 
separate state. 

Below 100° C the steam 
is condensed to nearly one 
seventeen hundredth of its 
volume. As one cubic foot 
contains 1,728 cubic inches, 
we may say that two cubic 
feet of Hydrogen and one 
cubic foot of Oxygen com- 
bine and form two cubic feet 
of Steam, which may be con- 
densed to about two cubic 
inches of Water. 

Fig. 8 represents three volumes of Hydrogen combining indirect- 
ly with one of Nitrogen, and forming two volumes of ammonia. 
Thus four volumes are condensed to two, the resulting product being 
one half of the bulk of the com- 
bined gases. To express this com- 
bination in accordance with the 
new atomic theory, we should say 
three atoms of Hydrogen and one 
atom of Nitrogen combine to form 
an atomoid of ammonia. By using 
portions of the principal diagram 
on a much reduced scale, many 
of the most important chemical 
combinations of the non-metallic 
elements may be represented, and 
to each may be added the name 
designating its ultimate constitu- 
ents. According to the new chemi- 
cal nomenclature, Fluorine, Chlorine, Bromine, and Iodine, forming the 
family of halogens, are represented by the four sides of the annexed 
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figure 



C^ 



One atom of Fluorine being a/; one of Chlorine, ad ; one of Bromine^. 
ah ; one of Iodine av ; and one of Hydrogen, ah I designate the acids- 
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formed by the combination of the several halogens with Hydrogen as 
follows (the prefix g denotes the gaseous state) : 



• Hydrofluonic acid, H F. |/\| ^^ 
Hydrochloric acid, H CI. \/\\ goZod, 
Hydrobrc^ic acid, H Br. | ^^ j gaZaJb. 

Hydriodic acid, HI. 

Carbon combines in such a variety of proportions with Hydrogen, 
Nitrogen, and Oxygen, and in many cases assuming with them the 
gaseous state, I represent it by a line connecting the lower ends of the 
lines denoting Nitrogen and Oxygen in Fig. 1. Contracting the 




whole, an atom of Carbon is shown by the following symbol. 



D 



g 



The four thick sides of this figure, thus I L represent the poub 

GRAND ORGANIC ELEMENTS. Projections from each side will denote 
the number of atoms of each element in the symbolized chemical 
body. The foUowing are symbols of some of the most common and 
important compounds of the non-metallic class. 



Water H^O li da;t; (steam) gddt. 

Oxygenated water Hg 0^ I §■ elet or eft. 
Carbonic oxide gas CO. I" garat or gart. 
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Carbonic acid gas C O3 I ■ T garet. 



Ammonia H3 N J , I gilan. 



Nitric acid H N 0. J F dlanit. 



Prussic acid H C N 4 alam. 



•■o 



The large class of hydrocarbons are represented by various projections 
on the following figure | ^ [ ; for instance, Marsh gas, or light carbu- 



!iin dii 



retted Hydrogen C hH garol. Similar contractions of that 

portion of the main diagram, representing all the metals, may be 
used, thus 



The five metals of the alkalies — viz.. Lithium, Sodium, Potas- 
sium, Rubidium, and Coesium — are designated by a star with five 



Ells of the alkaline earth, — viz., Ban 

ads woul 



points 

The four metals of the alkaline earth, — viz.. Barium, Strontium, Cal- 



cium, and Magnesium, — by a star with four points 

The consideration of metals and metallic compounds would ^en too 
wide a field for the present discussion. 

Having treated of true chemical combination and symbolized Water 
and Carbonic Acid, we are prepared to speak of the mixture of gases by 
virtue of the law of diffusion. The following figure will convey some 
idea of the proportion of gases found in common Air, nearly four fifths 
of which is Nitrogen, and a little more than one fifbhy Oxygen* 
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There are traces of Ammonia, Carburetted Hydrogen, and Nitric- 
Acid iu Air, which are not represented in this figure. Ten thousand 

parts of common Air contain from three 
to six parts of Carbonic Acid. The 
proportion of Water in the atmosphere 
varies with its temperature. Every 
15^* C of additional heat in Air doubles 
its capacity for holding vapor. 

The diagrams now presented to the 
Association are intended to impress up- 
on the mind of the student the leading 
characteristics of the non-metallic ele- 
ments. A strong conviction that Chem- 
istry is second to no other science in 
importance has impelled me to devise 
a method for its more general acqui- 
sition. If the symbols were firmly fixed 
in the memory, like the alphabet, or numerical figures, the labor of 
subsequent combination would be comparatively light. A ground- 
work, like this, thoroughly laid, will enable a student to erect in his 
own mind a permanent superstructure. Thus -prepared, he will quickly 
catch the significance of every chemical compound and more readily 
apply the fundamental principles of the science to the experimental 
work of the laboratory. 



Nitrogen. 





Oxygen. 


Nitrogen. 






Common ur. 

Fig, 9. 



4. A New Chemical Nomenclature.* By S. D. Tillman,* of 
New York, N. Y. 

The present seems very opportune for the introduction of a Nomen- 
clature which will more completely methodize the Science of Chemistry. 
By such aid, students, who formerly deserted the study because they 
found themselves gradually sinking into a quagmire of incongruous 
names, may advance on firm ground, and view with satisfaction and 
profit the fair fields opened on every side by the distinguished chemists 
of our own time. The old, nomenclature, based on the joint production 



* Kead at the meeting of the American Association for the Advancement of 
Science, held in the City of Buffido, August, 1866. 
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of De Morveau, Lavoisier, Berthollet, and Fourcroy, published in 1787, 
has been frequently amended and enlarged ; yet, to preserve the con- 
nection and consistency of the whole, names and classifications were 
retained long after they had lost their original significance. Even the 
broad line of distinction between acids and salts (made when oxygen 
acids and neutral salts only were known) gradually diminished with 
the successive discoveries of acid salts and the promulgation of new 
views by Davy and Dulong, until it is now no Idftger recognized by 
those who regard the whole class of hydracids as true salts. A fatal 
error was committed at the outset, in attempting to define the acids 
containing most and least oxygen, by adopting as terminals (rendered 
into English) tc and ouSf and the corresponding terminals ate and ite 
for salts. Subsequent discoveries of higher and lower oxides involved 
the necessity of using, as prefixes to the words- in general use, the 
terms hyper ot per and hypo. Still these amendments have not obvi- 
ated the difficulty, as will be seen by reference to the combinations of 
oxygen with sulphur. This conflict of terms was not, however, the 
greatest evil. The tc and ous terminals are worse than useless for 
expressing the degrees of oxidation, because the same terminal has a 
different signification in almost every series of oxides. Similar objec- 
tion may be niade to the use of the terminal a in the names of oxides ; 
for example. Soda, now NagO ; Magnesia, H^O ; Alumina, Al^Og ; 
and Silica, formerly SlOg^ by many now written 810 3. Early in the 
present century, the words protoxide, deutoxide, etc., were used to dis- 
tinguish the several degrees of oxidation having the simple ratio of 
combining proportions, i. e., 1 : 2, 1 : 3, 1 : 4. No more complex 
ratios than 2 : 3 were provided for. Many of these, and similar names 
applied to electro-negative element?, are often misused by distinguished 
authors who have adopted the atomic notation ; for instance, sesqui to 
designate the combination of six atoms of a halogen with two atoms of 
carbon, or two of a biatomic metal. 

The comparatively recent discovery of a great number of organic 
compounds, so called, required the coinage of many new names to 
designate radicals. Simultaneously the attempt was first made by 
German chemists to state definitely by prefixes the number of " equiv- 
alents " of each element in combination, which has resulted in the for- 
mation of names of a frightful length, scarcely pronounceable and sel- 
dom remembered. A complete catalogue of the chemical bodies now 
known would embrace several thousand terms. The novice, misled at 
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first by common and commercial names, like '^ milk of lime/' ^* sugar 
of lead," " cream of tartar," " oil of vitriol," and " butter of antimony," 
but wbo bad advanced far enougb to find no sulpbur in sulpbiiric etber, 
no copper in copperas, no lead in black lead, no soda in soda water, 
and to be assured tbat " Dutcb liquid " is not imported firom Holland, 
migbt look witb interest and wonder on tbe accumulated names 
approved by tbe bigbest autborities, and inquire wbetber this magnifi- 
cent patcbwork coiAd be of mucb service as a cbemical cbart. To a 
negative reply, sbould be added, " Yet a substitute for tbe wbole bas 
been provided by tbe Notation*" 

Tbe introduction of cbemical symbols by Berzelius marks an era of 
progress quite as plainly as tbe first employment of Arabic signs and 
numerals in tbe matbematics. Tbe notation is now frequently em- 
ployed to tbe exclusion of cbemical names, in oral as well as written 
communications. Its general adoption forty years ago, witb tbe atomic 
signification originally attacbed to it by Berzelius, would have pre- 
vented tbe confusion of terms and signs now consequent upon the 
conformation of the atomic volume of gaseous elements to tbe one 
standard. Berzelius barred certain letters, to signify that one half the 
combining weight was the atomic weight; in other words, that the 
so-called " equivalent " contained two atoms. Gerhardt, on the other 
hand, used the same mark to denote that the combining weight must 
be doubled to express the atomic weight. Miller, in the third edition 
of his "Elements of Chemistry," designates the old notation in the 
usual way, and the new notation by italic capitals ; while Watts, in his 
" Dictionary of Chemistry," still in process of publication, just reverses 
Miller's arrangement. 

The following symbols, representing a molecule of water according 
to three different views, will explain what induced Berzelius, who 
measured volume and atomic weight on the oxygen scale, to halve the 
symbols representing the combining proportion of hydrogen ; and why 
.Gerhardt, who simplified measurements by making the hydrogen atom 
the unit of weight and bulk, was led to double the value of the symbol 
for oxygen, without knowing to how many other symbols the doubling 
process would finally be applied. 

Dalton. Berzelius. Gerhasdt. 

(2yol.)HO(lvol.) l;°U}oivol. ISJgoiToL 

l + 8=.9. .5+.54-8 = 9. 1+1 + U 
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No inconsistency arises in the interpretation of these symhols ; and 
although grave objections have been made by Herschel and Odling to 
the mingling of mathematical and chemical signs in chemical equa- 
tions, it must be admitted that the symbol of a compound universally 
denotes the real body, which may be clothed with synonymes more or 
less expanded to suit the peculiar views of different schools. 

Quite a serious derangement of the nomenclature has followed the 
introduction of the atomic notation. A majority of the old names have 
thus become inappropriate; and, chiefly for this reason, many well- 
known European chemists, and nearly all American chemists^ still 
prefer to use the old system expressing combining proportions. 'No 
sweeping innovation which changes or perverts the meaning of old 
terms, rendering old and familiar works on chemistry comparatively 
worthless, and which tends to eradicate fundamental ideas, will be 
accepted by the present generation. How utterly futile would be the 
' unanimous resolve of a World's Convention to change the value of our 
CQmmon nunaerals so as to represent a unit by the figure 2. Yet if 
they should propose to leave the old signs undisturbed, and to use new 
characters having the same numerical value with other important sig- 
nifications, the project could, perhaps, be carried into practical opera- 
tion. Thus in any science it will be fouiTd most feasible to designate 
new views, or new structures, by new and appropriate names. This 
subject has commanded the attention of all advanced chemists. At 
the meetings of the London Chemical Society, the question has been 
discussed by Graham, Williamson, Miller, Brodie, Frankland, Odling, 
Hoffman, and other distinguished members. Gmelin's names, as 
modified by Watts and his compeers, seem to be received with most 
favor. Williamson, Foster, and Williams have suggested valuable 
alterations. One would, however, be safe in predicting that, while the 
ic and ovs system predominates, the root of the perplexity will not be 
reached. 

The nomenclature now presented is the result of an attempt to obvi- 
ate the continual embarrassment attending the prosecution of chemical 
studies. Failing to remember the exact composition of certain com- 
pounds, the writer resorted to mnemonical methods; and, after 
repeated trials, devised, in the year 1845, a system of words, generally 
unlike any found in dictionaries, which, with certain modifications, he 
Imi -constantly employed since that time. It was originally adapted to 
^Ljobuaification of acids, basis, and salts, but was so arranged as 
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to be most conveniently used in defining combinations of hydrogen, or 
a metal with a radical, according to the binary system. It was also 
early employed in explaining the now discarded Nucleus theory, as 
advocated by Loewig in 1851. ' 

Although the importance of the Typical system of classification was 
clearly set forth by Hunt in 1848 (Amer. Joum. Science, V. 265 ; VI. 
173), not until alter memorable experiments and discoveries by 
European chemists had demonstrated its great value, was the decision 
made to modify this nomenclature so as to be used with facility in 
expressing the new views. In attempting to take this step, however, 
another serious obstacle was encountered in the diversity of opinion 
regarding atomic weights. Kopp and Regnault had thrown new light 
on the subject ; yet chemists of the Unitary school still agreed with 
the views originally advanced by Gerhardt, and recognized many 
metals, besides silver and those of the alkaline class, as monatomic. In 
1861, however, Gibbs made it manifest that if the atomic weights of' 
carbon, oxygen, and sulphur be taken respectively at 12, 16, and 32, 
the received numbers of, at least, fifty elements must be doubled (Amer, 
Journ, Science, XXXI. 246). More recently, prompted by Canizzaro, 
the disciples of Gerhardt have almost unanimously renounced such 
opinions on comparative atomic weights as are at variance with those 
of Berzelius. 

The meaning of the new notation having thus been definitely fixed, 
while the nomenclature may be said to be still in the transition state, 
an atomic system of names, intended to supply the place both of the 
notation and the old nomenclature, is submitted for candid and critical 
examination. A leading consideration has been to produce a system 
which will assist the student in acquiring and retaining a knowledge 
of fundamental laws ; also to provide such brief technical terms as will 
enable chemists generally to express their views with more concise- 
ness. 

Doubtless the most rapid advance has been made by students who 
have daily witnessed the operations of the laboratory. No oral de- 
scription of chemical experiments could make so deep and permanent 
an impression. This principle of retention was well appreciated and 
expressed by Horace : — 

" Sepfnius irritant animos demissa per aiirem, 
Quam qua; sunt oculis subjecta fidelibus." 
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Next in importance to experimental knowledge must be ranked a 
system of words and symbols which will convey, at sight, by means of 
their combinations, a clear -idea of the union of the elements, without 
denoting, in every instance, by rational formulse, the manner of such 
union. The ear, also, should be brought into service in such a system, • 
by making the very sound of the symbols so excite the power of asso- 
ciation as to bring before " the l!nind's eye '' the whole series of simi- 
lar and nearly related compounds. To accomplish these objects, it was 
necessary to construct an entirely new scheme, by providing for every 
well-investigated chemical body a name which should at once desig- 
nate the kind and number of atoms composing it, and to a c^rtain 
extent its typical and functional characteristics. This work was 
accomplished in a true conservative spirit, by building the new struc- 
ture from old materials and upon a foundation which ^s the result of 
the combined labors of those truly great men who have devoted their 
lives to the advancement of chemical science. 

The method of construction will be briefly explained under the fol- 
lowing heads: — 

1. The system is based on abbreviations of the universally received 
names of the metals, and on the chemical symbols of the metalloids, or 
non-metallic elements, with such modifications as were imperatively 
required. 

2. The name of each chemical element relates, not to its mass, but 
only to a minimum combining proportion termed an atom, or to' some 
multiple of it. The atom is, therefore, the unit of measurement, and 
the starting-point of the scale in each series of compounds. 

3. The atomic name of ea^ch met^l consists of two syllables, and ends 
with the consonant m. 

4. The name of each of the thirteen metalloids terminates with a 
different consonant. Arsenic and tellurium, classed by French chem- 
ists among the metalloids, have, in this arrangement, the terminal let- 
ter common to the metals. 

5. The number of atoms of any element is designated by the vowel 
immediately preceding its terminal consonant. The numerical power 
of the vowels advances with the order in which they are placed in the 
alphabet. One, two, three, four, and^ve are respectively expressed by 
a, e, i, 0, and u, having the short or stopped sound as heard in hat, het^ 
hit, hot, hut ; and «kc, seven, eight, nine, and ten by the same vowels 
having a long or full sound. In foreign languages, it may be best to 
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designate the long sound by a sign placed aver the vowel; bat in our 
language it is found by experience more convenient to place e before 
each of the vowels, which invariably indicates their long or full sound, 
as heard in the words great, greets sleight, yeorrian, euphony. These ten 
distinctive sounds may be illustrated by a single example. From one 
to ten atoms of iron, inclusive, have the following names : — 
Fe, Werraxfi ; Fe^ Fetrem / Fe„ Ferrvm / Fe^ Ferrom ,* Fe^. Ferrwn ; Fe^ Ferreeun ; 
Fbj, Ferreem ; Fe^, Ferrem ; Fe^ Ferreom ; Fe^f^^ Ferreum, 

The proper diphthongs are sometimes used for the even numbers be- 
tween 10 and 20. These will be remembered from the fact that their 
value is the sum of their vowel-values, either short or long : thus, oi is 
12=9 + 3; ot^is 14==9.+ 5; aw is 16 = 6 + 10; oo is 18 = 9 + 
9. The consonant y is 10, and used only in connection with vowels, 
which will express all the numbers to and including 20 ; w is 20, and, 
with the usu£^l appendage,^ will express the numbers to and including 
30. X is also used, and when preceded by a vowel, which thus has the 
power of an exponent, will express a progression by tens to one hun- 
dred ; thus, 10, cux ; 20, ex ; 30, ice ; 40, ox ; 50, vx ; 60, eax ; 70, ' 
eex ; 80, eix ; 90, eox / 100, efox. In the same manner, these vowels 
preceding gu express the hundreds to and including one thousand, and 
the intermediate numbers are represented by suffixing some of the 
characters previously explained. 

Very few chemical compounds, now known, have a composition rep- 
resented by atomic numbers higher than one hundred. A large ma- 
jority of the bodies of known composition do not require numbers as 
high as ten. The following selections will show more clearly the 
numerical value of each letter, and the ex-tent to which this numera- 
tive system may be carried. 

o^, 100 
eq^, 20O 

enqdy^ 80O 
eoqmXf 930 
euqueiXy 1080 

6. iThe followihg metalloids have names terminating with their 
well-known symbolic letters : one atom of each is here denoted. 



a,l 


ea, 6 1 


aa, 11 


y, 10 


w, 20 


ax, 10 


6,2 


ee, 7 


(w, 12 


yay 11 


iw, 23 


ex, 20 


t,3 


«, 8 


oa,\^ 


K 13 


wee, 27 


tr, 80 


0,4 


"CO, 9 


ati,16 


yeo,19 


MW, 29 


eir, 80 


ti,5 


eM,10 


00,18 


yeM,20 


toeu, 80 


CMX, 100 



Fluorine, 
Nitrogen, 
Carbon, 



flwraf or af; 
nitran or an; 
carbacorac; 



Bromine, bromab or ab; 
Phosphorus, phosap or ap; 
Sulphur, sulpha? or a«. 



In a few instances where the symbolic letter could not be used, the 
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terminal letter adopted. may be associated with some prominent char- 
acteristic of the element. Thus I represents the lightest of substances, 
an atom of hydrogen is hydral or al ; d represents the densest of the 
gaseous elements, an atom of chlorine is chlorad or ad; v represents 
a volatile producing a violet vapor, one atom of iodine is idav or av. 
The atom par excellence is at : oxygen, exceeding in quantity all other 
elements of the earth's crust, has for the name of a single atom oxat 
or at. An atom of selenium is seUiz or az : it bears a strong resem- 
blance in its reactions to as. Boron and silicon, or silicium, like car- 
bon, are permanent solids when isolated; their terminals may be 
remembered by the association of j and k in the alphabet ; an atom of 
boron is boraj, or aj\ an atom of silicon is silak or ak. 

The compounds of carbon and hydrogen are so numerous that it has 
been foun^ essential to provide an additional character to represent 
each. The letter r may be associated with the radiating and refracting 
power of carbon ; and carbar, or ar, as well as eu:, will represent an 
atom of carbon. As ac might be mistaken for ak, in radical compounds, 
the carbon component is denoted generally b}' r. 

The only case in which it has been found advantageous to use one 
letter to designate two atoms is that of /* for two atoms of hydrogen 
or hydrel, thus preserving the ratio of the old combining numbers, 
CgHjOg being cht It will be noted that ach corresponds with C^ 
Hj in the old notation, and with CHj, in the new : it is the key to 
a series of radicals, i. e., methyl, CH3 is achal; ethyl, C3H5 eehal, 

7. Metalloid terminal syllables express as much as the full name, 
and are used as suffixes to names of metallic atoms to denote a metallic 
compound; for example, the protoxide of iron \s ferrainat, which indi- 
cates very clearly that one atom of iron is united with one atom of 
oxygen. A combination of metalloid syllables represents a non- 
metallic compound. In numerous cases, the number of syllables form- 
ing such a word is less than the number of different elements in the 
compound, because two or more terminal characters may be united, 
and the vowel or diphthong preceding the whole will be applicable to 
each ; for instance, elt = H3O3 is a molecule of oxygenated water, or 
peroxide of hydrogen ; arn =« CN is an atom of cyanogen, and ant = 
NO is a molecule of binoxido of nitrogen. It will be seen presently 
that the names of salts containing one atom of a metal are sometimes 
slightly abbreviated by omitting the a which should precede m ; also 
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late brilliant . elucidations of atomicity by Wurtz have thrown light 
on many points, to which reference cannot now be made. 

6. A complex hy^drocarbon monad radical may be regarded as the 
combination of a monad with an even number of radicals or torsoes in 
equilibrio. The following are examples : — 

Acetyl = (CO" CH2'') + H = artackaif. 
Propyl = (CH2" CH2'') + CHs' = ichal'. 
Butyl = (CHjj" CH2'' CH2" CHa'') + H = ochal'. 

7. Gerhardt classified chemical . compounds under four types, two 
of which, the hydrogen and the hydrochloric- acid types, are molecules 
consisting of two monads : one molecule should therefore be taken as 
the primal type, and the other as a sub-type. The use of only three 
types would, at first sight, be commended for its simplicity ; yet the 
vast diversity of Nature's combinations involves the necessity of many 
multiples, and the formation of mixed types as proposed by Odling, 
in which the saturating power of the several parts is distinguished by 
the signs used in this paper. Valid arguments may be urged in favor 
of using at least five types, in each of which one-half the saturating 
power expended to form the molecule is derived from a single atom. 
The atom-holding power of one-half being balanced by that of the 
other half of each molecule, it is proposed to distinguish each type by 
the name expressing the equivalence of one-half of it. The following 
will show the value of the new characters in typical expressions : — 



Monad type. 


Dyad type. 


Tbiad type. 


Tbtrat> type. 


Pentad type. 
Chloride 


Hydrochloric 


Water. 


Ammonia. 


Marsh gas. 


of phosphqrus. 


acid. 






a/ '°''^' 
al] 


cd] 




aiyad. 


^1- 


al) 

alyan. 

al) 


al 
al 
al 
al 


ap. 



In representing the most important bodies formed by the replace- 
ment of one or more atoms of hydrogen by one or more monad radicals, 
the change consists, as will presently be shown, simply in substituting 
for (d the name of a radical ending with al. The different views of 
chemists respecting the typical form of the same body may be distinct- 
ly illustrated by the new characters ; take, for example, acetic acid, 
64 H^ O4 = C3 H^ O3. Kolbe's carbonic-acid type, being essentially 
the same as the water type, is omitted, and the so-called radical type 
is added in the following table : — 
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Empirical. 

olert 

or 

echet. 



Gerhakdt. 



artachaJ 



:^\-- 



Debus. 

(achalf 
ar } at'f 
(alt'. 
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The empirical name echet is the second in a series of which achet 
(formic acid) is the first ; ichet (propjlic acid), the third ; ochef (buty- 
lic acid), the fourtli ; iccJiet (amyh'c acid), the fifth ; and so on to the 
highest or most condensed molecule weuchet (melissic acid), represent- 
ed in the old notation by HO C^^H^^O^, and in the new by C^q^^q 
Og. These short and simple names, formed by changes in the first 
syllable, represent these acids as the result of successive additions of 
ach (CHg) ; but they cannot be made available in illustrating, the ' 
changes which occur when an atom of hydrogen is replaced by a metal 
or a radical. The other empirical name may be used by those who 
prefer to express no opinion as to the actual constitution of the acid. 
To carry out this view, the replaceable atom of hydrogen in the acid 
may form the first syllable, and the remaining syllables will be the 
terminal of the acetates formed by monad metals, e. g., acetic acid, ali- 
lert ; acetate of potash, Kalmilert. The terminal syllables must be 
doubled in value, to denote acetates of dyad metals ; for example, ace- 
tate of lead, PlubmealorL In consideration of the existence of 
numerous important bodies, into the construction of which an acid- 
forming radical of this series enters, it has been found most desirable 
to designate the acids by names which bring the radical more clearly 
to view. Preference is therefore given to those which are readily re- 
solved into the water or dyad type ; thus, acetic acid, as alartachalt 
or Iwrtdchalt, is easily separated into syllables which reveal its typical 
structure \aUartachal']at When at is replaced by a monad metal, the 
typical form is still apparent. [am-artachaVlat An atom of a dyad 
metal replaces the hydrogen atom in two molecules of acid : therefore 
the torso artachaU is doubled, which is indicated by the suffix e having 
the sound of eh, thus, artachalte. In the sesquiacetates, the double- 
torso artdchalte is trebled, and indicated by the suffix ea = 6 ; for 
example, one of the acetates of alumina = Al^CigH^gOja, is Alem- 
artachaltea. 

All the types previously enumerated may be regarded as subtypes, 
embraced in a regular series of types consisting of condensed mole- 
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oules of hydrogen, according to the suggestion originally made by 
Hunt. In the following table, containing several new types, the con- 
densed hydrogen molecules are connected with the types of substan- 
tially the same significance by the mathematical symbol of equiva- 
lency. Atoms in brackets in the first series are replaced by other 
atoms in the second. 



Eatios. Hydrogen 


MOLECULES. 


Old names. New names. 


1 


: lal-tal] 


=OHCl, 


Hydrochloric acid = alad. 


2 


: Iel-|el] 


OH20, 


Water = elat. 


3 


: Iil.[il] 


H3N, 


Ammonia = tlan. 


I 


: 4 [ol]-ol 


CH4, 


Marsli gas = arol. 


I 


: 6[ul]-ul 


0PCI5, 


Pentach loride of phosphorus = apud. 


I 


: 6 [eal]-eal 


CrFc, 


Perfluoride of chromium =z chrameaf. 


I 


: 7[eel]-eel 


M11CI7, 




I 


: 4[ol]-ol 


=oCH8H, 


Hydride of methyl (achal-al)= adiel. 


II 


: 6 [eal]-eal 


=0 CjHiH, 


Hydride of ethyl (echal^)= echd. 


III 


8 leil]-eil 


=0^ CsHzH, 


Hydride of propyl (ichal-al)z= ichel. 


IV 


10 [eul]-eiil 


=0^ C4H9H, 


Hydride of butyl (ochal-al)= ochel 


V : 


12 [yel]-yel • 


=C= GHiiH, 


Hydride of amyl (HrJuil-al)= ucJicl. 


VI 


U [yol]-yol 


--0= r,;H„H, 


Hydride of caproyl (mcha/^fl)= eachd, ; 


VII 


16 [yeal]-yeal 


^Z- C7H15H, 


Hydride of oenanthy 1 (H^t'Iuil-<i/)= eechd. 


VIII : 


18 [yeil]-yeil 


ChHuH, 


Hydride of capryl (elchuUil)= eichel. 


XII : 


26 [weal]-weal 


C12H25H, 


Hydride of lauryl (oicftal-al)= oicfwl. 


XVI : 


34 [ixol]-ixol 


C16H33H, Hydride of cetyl (auckal-al)==: auchel. ' 


XXVII; 


56 [uxeal]-uxeal 


=0= CizH^^H, Hydride of ceryl (ive€chal-ai.)= weediel, ■ 


XXX ; 


62 [eaxelj-eaxel 


CsoHciH, Hydride of melis8ylCireMcAa/-a/^= tv^uclid. 



It is evident that the so-called " atomicity '' does not prevent the 
union of atoms in a regular progressive series of ratios. In such cases 
the atom-holding energy has different degrees of development as the 
result of the reflex influence of combination. Apparent abnormal 
action, for instance, in the case of I2O7, eveet, may be accounted for 
by supposing an even number of atoms of oxygen, Og, in alternately 
opposite polar conditions, to be united with I3O. When mercury and 
chlorine form calomel, mercamad, the anomaly is explained by the 
fact that the volume of the compound corresponds with that of a mole- 
cule of hydrogen ; thus, in this, as well as the case of the hydride of 
copper, cupamal, a dyad metal plays the part of a monad. 

The new names of acids and salts, of simple as well as intricate 
constructions, are so framed that they may readily be resolved into 
syllables expressing their typical relations. This is accomplished by 
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making the replaceable hydrogen of an acid the prefix which deter- 
mines the type on which the compound is constructed, as explained 
previously in speaking of the acetic acid. The typical name of an 
acid or salt embraces, in fact, three terms ; the first consists of the Re- 
placeable hydrogen, the second is another portion of the compound of 
equal equivalence to the first, and the remaining oxygen atoms will 
constitute a third term having the atomic equivalence of the first and 
second terms combined. In chemical reactions, the second and third 
terms generally remain unchanged, and may therefore be included as 
one name, and the whole name may be said to represent the combina- 
tion of a radical with a torso. Examples : — 

Nitric acid, " monatomic " [al'-anet^]at" = alamU 

Sulphuric add, " biatomic " [eP'-aset/'Jetiv" = dasot. 
Phosphoric acid, " triatomic " [il'"-apf '']itvi = iktpot. 

The halogens are powerful electro-negative elements. Having the 
best structural adaptability, as monads, they are found among the 
components of many bodies. Those well investigated may be esti- 
mated in round numbers thus : Chlorides, 750 ; iodides, 320 ; fluorides, 
160 ; bromides, 150 ; to which may be added another class of very simi- 
lar structure : the cyanides, 220 ; total, 1630. In this estimate, several 
hundred chlorhydrates, bromhydrates and iodhydrates are not included. 
Their new names will be so readily understood, it is only essential to 
present such examples as will explain the changes required by the 
atomic notation and the typical classification : — 



Monad type. 

Hydrofluoric acid, HF, alaf: 

Hydrochloric acid, HCI, alad:' 

Hydrobromic acid, HBr, aJab : 

Hydriodic acid, HI, cdav: 

Hydrocyanic acid* HCy, alam : 

Dtad type. 

Fluor spar, Calcamef. 

Chloride of thorium, Thoramed. 

Bromide of yttrium, ^ Yttramd). 

Cyanide of iron, Ferramem. 

Triad typb. 

Fluoride of arsenic, Arsamtf. 

Bromide of gold, Auramib. 

Bromide of nitrogen, Anib. 

Fluoride of boron, Ajif, 
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Fluoride of thallium, Thaiamaf, 

Chloride of sodium, Sodamad. 

Bromide of ammonium, Olanab. 

Iodide of potassium, Potamav. 

Cyanide of silver. Argamam. 

Corrosive sublimate, Mercamed. 

Bromide of cadmium, Cadameb. 

Iodide of zinc, Zinamev. 

Cyanide of magnesium, Magamem. 

i 
Chloride of antimony, Stibamid, 
Iodide of bismuth, Bisamv. 

Solid chloride of cyanogen, Imtd. 
Bromide of boron, Ajib, J 
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Tetrad ttpe. 

Perfluoride of titanimn, Titamof. 

Perbromide of tellurium, Teilamcb. 

^ Perchloride oftantalium, Tanamod. 

Pbktad ttpb. 
Pentachloride of antimony, Stibamud, 
Pentabromide of phosphorus, apud. 
Qumquiodide of tetretlijl-ammonium, echaJom-anuv. 

Hexad ttpb. 
Perfluoride of vanadium, Vanameaf. 
Perchloride of molybdenum, Motameod. 
Perbromide of tungsten, Wclameab. 
Perfluoride of selenium, Axeaf, 

SuBTTPB, or Radical type 



Perchloride of tin, Starmamod. 

Periodide of platinum, PkUamov. 
Percyanide of palladium, PaUamom. 

Quinquiodide of arsenic ? Anamuo, 
Quinqutbromide of iodine, comb. 



Periodide of tellurium, TeOjametw. 
Perfluoride of chromium, Chrameaf. 
Perfluoride of silicon, Akeaf, 
Perbromide of silicon, Akeab. 



Perchloride of iron, Ferremead. 

Perfluoride of ruthenium, Ruthemeaf, 
Chloride of osmium, Osemead, 

I Perfluoride of manganese, ifofiame^ 



Chloride of aluminium, Alemead. 
Perchloride of cerium, Ceremead, 

Perfluoride of glucinum, Glucemetif. 

Hbptad type. . * 
Perchloride of manganese, Mcmameed. 

The sulphides, selenides, and tellurides resemhle in constitution the 
oxides. From nearly 300 well-known sulphides, the following are 
selected : — 

Sulphuretted hydrogen, das, Persulphide of hydrogen, dus. 

Bisulphide of carbon, ares. Bisulphide of nitrogen, enes, 

Monosulphide of potassium Cold name) ES = K^. Kalemas, 

Monosulphide of mercury (cinnabar^. Menmas or Hygamas. 

Bisulphide df iron (pyrites), Ferrames. 

Tersulphide of gold, Attramts. 

Quadrisulphide of molybdenum, Molamos, 

Pentasulphide of antimony, Antamus or Stibamus. 

Sesquisulphide of rhodium, Bhodemis. 

A magnetic iron pyrites (with no systematic name), PlBgS^, Ferrimos. 
Another variety of pyrites, Fe^Sg (no name), FerreemetM, 

The next table contains the known combinations of oxygen with 
sulphur, forming oxides and acids : — 



Sulphurous anhydride. 


aset. 


Hyposulphurous acid, 


desit. 


Sulphurous acid, 


dasit. 


Hyposulphuric acid, 


deseat,^ 


Sulphuric anhydride, 


asit. 


Trithionic acid, 


diseat.' 


Nordhausen sulphuric acid. 


aleseat. 


Tetrathionic acid. 


doseat. 


Sulphuric acid (oil of vitriol). 


dasot. 


^ Pentathionic acid. 


duseat. 


Trithionic anhydride, 


isut. 
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In these acids or salts of hydrogen, el may be replaced by a dyad 
metal, or, atom for atom, by a monad metal, thus forming metallic 
salts. 

Prom nearly 700 known varieties of sulphates, the following are 
selected : — 



Sulphate of protoxide of iron, fermasot. 
Sulphate of magnesia, magmasot. 

Sulphate. of soda, natemasot. 



Sulphate of copper, cupmasot. 

Sulphate of baryta, barmasot. 

Sulphate of lithium, lithemasot. 



Of nearly 200 sulphites, only two will be mentioned : — 

Sulphate of cerium, cermasit. \ Sulphite of potash, halemasit. 

From nearly 200 carbonates, only the following are selected : -r- 

Carbonate of lime, cakmarit. I Carbonate of magnesia, magmarit. 

Carbonate of soda, natemarit. \ Bicarbonate of soda, nabnalarit. 

Of 300 oxalates, only two are here cited : — 

Oxalate of baryta, barmerot, \ Salt of sorrel, potmalerot, 

From 100 varieties of silicates, only the following will be noted : — 

Silicate of alumina (sillimanite), Al^O^, alemakut. 
Silicate of alumina (kaolin), Al^S^O^., alemekeet. 
Silicate of potash, potemakit. Silicate of lime, calcmakit. 

Silicate of magnesia, magmakit. 

From about 60 nitrites, only two are presented : — 

Nitrite of soda, sodmanet. \ Nitrite of strontia, stronmenot. • 

From 400 varieties of nitrates, the following are selected : — 

Nitrate of potash, kalmanit. Nitrate of silver, argmanit. 

Nitrate of uranium, urmeneat. Protonitrate of iron, ,/mnen«rf. 

Nitrate of sesquioxide of iron, Fe203 NeOw, ferremeanoot. 

Of 370 phosphates, only the following : — 

Tribasicphosphate of lime (in bones), Cti3P2(h, ccMmepeit. 
Bibasic phosphate of lime, Ca-iHPgOg. ecdcemcdepeit. 

Acid or Superphosphate of lime, CaH4P208, cakmolepeit. 

From 90 sulphocyanides, only one will be mentioned : — 
^ Sulphocyanide of mercury, HyCy2S, mercmemas. 
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A few other terminals of salts may be thus briefly enamerated, a 
monad metal being denoted by am, : — ♦ 

- 40 chlorates haye the terminal amadit. 
60 iodates have the teiminal canamb. 
330 chlorhjdrates have the prefix aid. 
50 bromhydrates hare the prefix alb, 
100 iodhydrates hare the prefix abs, 
Ferro-cyanhydrates or -cyanides, em-fermmirn. 
Feni-cyanhydrates or -cyanides, im-ferremeam. 

The monad radicals forming the largest class of alcohols^ and the 
corresponding monad radicals of the fatty-acid series^ are in the next 
table placed side by side : — 



210 tartrates. 


em-odeat. 


eOmalates, 


em-orlut. 


100 citrates. 


tm-eandeet. 


120 chromates. 


em-duramol. 


270 chloroplatinates. 


am-platamid. 



ALCOHOI/-FORMIK6 BADICAL8. 

Methyl, CH3 = CH2H, achal. 
Ethyl, C2H5 =C2H4H, echal. 
Propyl, CsHz = CsHeH, ichal. 
Butyl, C4H9, = C4H8H, ochal. 

Amyl, CTfiHu = C5H10H, uchal. 

Caproyl, CeHw = C6H12H, eackal. 
CEnanthyl, C7H15 = C7H14H, eechal, 
Capryl, CgHiz = CsHieH, eichal. 
Wanting. 



Lauryl, C12H25 = C12H24H, yecW. 
Wanting. 



Cetyl, C16H33 =^ CieHazH, yeadud. 
Wanting. 



Ceryl, C27H55 = C27H54H, toeechal. 
Melissyl, CsoHoi = CsoH«)H, weuchal. 



artachal. 

artecfud. 
COC3H7, arttckal, 
C0C4H9. artochal. 



AciI>-FORMI17G BABICALS. 

Formyl, COH, artal. 

Acetyl, COCHs, 

Prppionyl, COC2H5, 
Butyryl, 
Valeryl, 

Caproylyl, COCsHn, artuchal. 
CEnanthoyl, COCeHis, arteachal. 

Caprylyl, COC7H15, arteechal. 

Pelargonyl, COCgHiz, arteidial. 

Rutilyl, COC9H19, arteochal. 

Enodilyl, COC10H21, arteuchal. 

Laurilyl, COC11H28, artaxachal. 

Cocdnyl, COGisAas, artaxechal. 

Meristyl, COCisHgr, artaxichal. 

Benyl, COCuHsd, cartaxochal, 

Pahnityl, COCisHsi, artaxuchal. 

Margaryl, COCieHast arlaxeachal. 

Stearyl, COC17H36, artaxeechal 

Balenyl, COCisHsr, artaxeichal. 

Arachidyl, COCisHse, artaxeochal. 

Nardyl, COC2oH4i> artaxeuchcU. 

Cerotyl, COC26H53) artexeachal. 

Melissilyl, COC29H59, artexeachal. 



In the acid-forming series, the presence of artf' makes the sum of 
the increments of ach^' one less than in the corresponding alcohol-form- 
ing radical 

An alcohol formed on the dyad type, like water, contains one njo- 
nad radical, and the corresponding ether two. Two examples of each 
will suffice to show the manner of illustrating by the new characters 
their typical form : — 
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ALCOHOLS. 



Hydrate of methyl 
or Wood Bpiritj 

Hydrate of ethyl 
or Common alcohol, 

Methylic oxide or 
Methylic ether, 

Ethylic oxide or 
Ethylic ether, 



^^*«^ } ai = Achelca, 
^^^ I at = Echdat, 



ETHERS. 

Ached 
Achat 
Echal 
Echal 



at = Achalemat. 
at = Echalemat, 



The sulpbydrates and sulphides of such radicals have structures 
similar to these alcohols and ethers. The following table of names 
shows the compound containing oxygen, and the corresponding com- 
pound containing sulphur : — 



1 Methylic 

2. Ethylic 

8. Propylic 

4. Butylic 

5. Amyllc 

6. Caproylic 

7. (Enanthylic 

8. Caprylic 



Alcohols. 


Merc APT A27S. 


Ethers. 


Sulphides 


Achelat. 


Achelas. 


Achalemat. 


Achcdemas. 


EcheM. 


'Echelas. 


Echalemat. 


Echalemas. 


Ichelat. 


Ichelas. 


Ichakmat. 


Ichakmat. 


OchdaJt, 


Ochelas. 


Ochalemat. 


Ochalemas. 


Uchelat. 


Uchelas. 


Uchalemat. 


Uchalemas. 


Eachfjtat. 


Eachelas. 


Eachalemat. 


Eachalemas. 


Eechelat. 


Eechelas. 


Eechalemat. 


Eechalemas. 


Eichelat, 


Eichelas. 


Eichalemat. 


Eichalemas. 



As a specimen of the new names of more than 600 compounds con- 
taining an alcohol-forming radical, a few combinations with the most 
important, Ethyl (echat), are presented : — 



Fluoride of ethyl, echalf. 
Bromide of ethyl, echalb. 
Cyanide of ethyl, echalam. 



Acetate of ethyl, 
Monethylic oxalate, 
Diethylic oxalate, 
Methyl-ethylic ether, 
Methyl-amylic ether, 
Ethyl-butylic ether, 
EthyL-amylic ether, 



C2H5-COCH3.O2, 

C2HJ5-H-C2O2O2, 

CC.H3)2-C20:.02, 

CHs + C2H5-O, 
CH5+ C5H11O, 

iD2H5 + C4H9O, 

C2H5+C5H11O, 



Chloride of ethyl, echald. 
Iodide of ethyl, echalv. 

Hydride of ethyl, ' echd. 

echaJ-artachalt 

echelerot. 

echalemerot, 

achal-echalt, 

achal-uchak. 

echal-ochcdt. 

echal-uchalt. 



Acid-forming radicals form anhyhrides, corresponding in structure 
with simple ethers ; and hydrates (acids) corresponding with alco- 
hols. Examples of the names of acids of this class are here given : 
for the first term al, I is us6d to shorten the word. 
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Formic acid. 


H^OH-0, 


Lartak = achet. 


Acetic acid, 


H-C0CH8-0, 


Lartachalt = echet. 


Propionic acid, 


H-COC2H5.O, 


Lartechak =ichet. 


Butyric acid, 


H-COCsHr-O, 


Lartichalt =zocket. 


Valeric acid, 


H-COC4H9-O, 


Lartochalt ^^uchet. 


Caproic acid. 


H-COCfiHu-O, 


Lartuchalt = eachet. 


CEnanthylic acid, 


H-COCeHis-O, 


Lart€achalt= eechet. 


Caprylic acid, 


H-COC7H15.O, 


LaHeediak = eichet. 


Pelargonic acid, 


H-COCsHiz-O, 


LarteickaU == eochet. 


Rutilic acid. 


H-COC9H194), 


LarteochaJt = euchet. 



Other combinations containing an acid-forming radical, which have 
been or may yet be formed, are illustrated by the names of compounds 
containing artachal (acetyl). 



Chloride of acetyl, artachald. 

Aldehyde, artachd. 

Sulphydrate of acetyl, hrtachals. 
Hydrate of chloracetyl, lartachadcU. 
Hydride of tribromacetyl, artacibel. 



Bromide of acetyl, ariojchalb. 

Acetic anhydride, artachcJemat. 

Sulphide of acetyl, artachaJemas, 

Hydrate of bromacetyl, lartachabat. 
Chloride of trichloracetyl, artacod. 



Twenty-two other radicals, similar to artachal, may form hundreds of compounds 
by uniting with electro-negative elements. 

Acetones or Ketones, composed of an acid-forming radical and 
an alcohol-forming radical, have the constitution of the monad type. 
Of the fifteen bodies now known, seven are here cited : — 

Methyl-acetyl (Acetone), CHsjCsHsO, achal-artachal, 

, Methyl-butyryl, CH3,C4H70, achal-artichal. ^ 

Methyl-valyl, CH3C5H9O, achal-artochai. 

Ethyl-propionyl CPropione), C2H5,C8H50, echal-artechai. 

Ethyl-butyryl, C2H'.,C4H70, echal-artichal. 

Propyl-butyryl (Butyrone), C8H7,C4H70, ichal-artichal. 

Butyl-valyl (Valerone^, C4H9,C5H90, ochal-artochal. 

In the following hydrocarbon homologous series, formed by multi- 
ples of €ich and known as the olefiant-gas series, one atom of carbon 
saturates but two atoms of hydrogen, the equivalence being thus ex- 
pressed : or o el. These bodies are dyads, each taking the place of 
two atoms of hydrogen in the water type. 



Methylene (not \ 
yet isolated^, ) 
Propylene, 
Amylene, 
CEnanthylene, 
Elaene, 



CH2, arUd, 

CsHe, irlil. 

C5H10, urlul. 

C7H14, terled. 

G9H18, torleol. 



Ethylene or ") 

defiant gas, > C2H4, erid. 

Butylene fOil gasj, C4H«, orld. 

Caproylene, CeHis, earleaL 

Caprylene, CsHie, eirlid, 

Paramylene, CioHao, eurleul. 
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This series unite with dyads, and also with two atoms of a monad, 
of which the annexed are specimens : — 



Oxide of ethylene 
Oxide of propylene 
Oxide of butylene 
Oxide of amylene 
Hydrate of ethylene 



or GlycoMc ether, 
or Propyl-glycolic ether, 
or Butyl-glycolic ether, 
or 4^myl-glycolic ether, 
or Ethylio-glycol, 



Hydrate of propylene or Propylic glycol. 
Hydrate of butylene or Butylic glycol, 
Hydrate of amylene or Amylic glycol. 



erldat or eckat. 
irlilat or ichat. 
adolat or ochat, 
uHuht or uchaL 
earideU or echelt, 
xHildt or icheli, 
orUMt or ochelt. 
urluleU or %u:hdt. 



The hydrate of glyceryl, [CgHg-HgjOa =» echarlilf, is a triad alco- 
hol. If U, the second term, is replaced hy three atoms of the monad 
anet = ineat, the interesting explosive compound Nitroglycerine is 
formed, the three terms of the type heing \_echjirlrine(U] it =6charlin- 
eot On the other hand, if il in echarlUt be replaced by three atoms 
of the monad-acid radical COCi^Hg^', artaxeechal, the compound 

known as Tristearin is formed, containing C^^H^joOg = 

uxtiehereat. In like manner, only two or one atom of hydrogen may 
be replaced by two or one atom of the acid-radical. 

Artificial fats may have been formed by the action of acids on glyc- 
erin, echarlilt ; and the following from among the glycerides are pre- 
sented, with their new empirical names : — 



Monacetin, C5Hio04» w^. 
Monobutyrin, CfHi404, eechot. 
Monovalerin, €8Hi602i eichot. 



Monolein, C2iH4o04y 'axeucharot. 

Monopalmitin, C]9H3804, ' aoceechot, 
Monostearin, C2iH4Si03, exachot. 



That modification of sugar known as glucose or starch sugar, C^Hj ^ 
Og, has lately been regarded by some chemists as a hexatomic or hexad 
alcohol. According to this view, its new name is earleaU, There are 
about thirty varieties of sugars and gums of nearly the same composi- 
tion, to which new names should not be given until there is a general 
agreement among chemists as to their composition and constitution. 

Artificial alkaloids, or compound ammonias of Wurtz and Hoff- 
man, formed on the triad or ammonia type [^al-al-al']an, in which an 
atom of hydrogen is replaced by a radical, are thus illustrated : — 

Methtlamine. 



achat ^ 

al) 
achilan. 



Ethtlakine. 


Amtlavine. 


Phentlaminb. 




■• 


(Aniline.) 


echai y 


uOai-) 


• earolal ) 


al > an, 


al[ 


all 


al) 


al) 


al) 


echilan. 


uchUan. 


eardHan or earedan 
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DlXETHTLAMIlTB. 

cwhal 
ached > an. 



Diethyl AMisTB. 
echal 
echal >an. 



vol ) echal ) vchcd ^ earolal ) 

uil >an, echal >an, al >an, earolal > 

al) al ) al) al ) 



DiAHTLAXINE. 

uckal 

'an. 



DlPHENTLAXimS. 

earolal 
earolal 



acftolenudan. 



echlemalan. 



uchalemalan. 



TsiXETHTLAMIinS. TRIETHTT.UfIHB. 

achal ) echcd 

achal >an, echal 

achal ) echal 

achaliman. echaliman. 



) echal ) vchal^ 

> an, echal > on, uchal > an, 

) echal ) uchal ) 



TSTAMTLAMIinS. 

uchal 
uchal 
uchal 
uchaliman. 



eandemalan. 

TBIPHEim.AXDrB. 

earolal ^ 
earolal > an, 
earolal ) 
earuliman. 



Three different radicals may be found in the same compound. To 
denote this, requires names somewhat longer than the preceding: 
thus, — 

Methjl-ethyl-phenylamine, [CHs-CjHjCeHjJN, is achalrechal-eandan, 
Diethjl-chloro-phenylamine, [(C2Hj^6H4C13N, ia echalem-earoladan. 

Other triad elements form similar compounds. From the tertiary 
derivations are selected the following two : — 

Bromide of bromethjl-triethyl-phosphonium = echeb-echalimap. 
Bromide of ethylene-hexethyl-diphosphonimn = echeb-echaleamep. 

Some of the denser molecules of hydrocarbons are here pre- 
sented : — ^ 



Cetylene = CieHas, yeach, 

Cetylic alcohol = CieHsiO, yeachdat. 
Cerene (paraffin) = C27HM, weech. 
Cerylic alcohol = C27H26O, weechdat. 
Melene (paraffin) = CboHeo, vxuch. 

Combinations of metals with alcohol-forming radicals, or metallic 
derivatives of alcohols : — 



Melissylic alcohol = CaoH<sO, weuchdat. 
Spermaceti (pnre) = C32H64O2 ixechet. 
Mjricin = C4!6H9Ah, oxeacket- 

Chinese wax = C54H108O2, uxochet. 



Kakodyl (auct. Bunsen), Ab(CH3)2, 

Arsenio-monomethyl (auct. Baeter), AbCHs, 

Arsenio-trimethyl, A8(CH3)s, 

Arsenio-tetramethyl, A8(CH3)4, 

Quadrichloride of arsenio-monomethyl, AsCHsCl^y 

Triethyl-bismuthene, (C2H5) Bi, 

Trimethyl-stibio, (CHsjaSb, 

Stibio-t^framethylium, (CH8)4 Sb, 

Chloride of stibio-tetramethylinm, (CH3)4 SbCl, 

Oxide of stibio-tetramethyiium, (CHa^s SbO, 
Nitrate of stibio-tetramethylium, 



Arsmereal or achalem-arsam. 
Arsmaril or achal-arsam. 
Arsmircd or achalaUm-arsam. 
ArsmoroU or achalom-arsam. 
ArsmarilodoT achal-arsamod. 

echalim-bisam. 
StSbmcheol or achalimstibam, 

achalomstibam. 

achalomstibmad. 

achaleimstibamet. 



(CHsJ^ SbNQs, achalomstibmamt. 



Neutral Sulphate of stibio-tetramethylium, 



achaleim-^ibemasot. 



PHYSICS ANJ> CHEMISTBT. 



69 



ALCOHOLS. 



Hydrate of methyl 
or Wood spirit, 

Hydrate of ethyl 
or Common alcohol, 

Methylic oxide or 
Methylic ether, 

Ethylic oxide or 
Ethylic ether. 



^^^^^ I at = AchelaL 
^^^ j at = EMat. 



ETHEKS. 

Ached 
Achat 

l^^lat^Echal^at, 



at = Achalemat. 



The sulphydrates and sulphides of such radicals have structures 
similar to these alcohols and ethers. The following table of names 
shows the compound containing oxygen, and the corresponding com- 
pound containing sulphur : — 





Alcohols. 


MERCAPTAI7S. 


Ethers. 


Sulphides. 


1 MethyUc 


Achelat, 


Achdas, 




Achalemas, 


2. Ethylic 


EcheUxt. 


*Eckela8, 


Echalemat. 


Echalemas, 


3. PropyUc 


Ichelat. 


Ichehs. 


IchcUemat. 


Ickalemas. 


4. Butylic 


Ochelat. 


Ochelas. 


Ochalemat. 


Ochcdemas. 


5. Amylic 


Uchelat. 


Uchelas. 


Uchalemat. 


Uckodemas, 


6. Caproylic 


Each^. 


Eachelas, 


Eachalemat, 


Eachalemas, 


7. CEnanthylic 


Eedidat, 


Eechdas, 


Eechalemat. 


Eeclialemas. 


8. Caprylic 


Eichelat. 


Eichdaa, 


Eichalemat, 


Eichalemas. 



As a specimen of the new names of more than 600 compounds con- 
taining an alcohol-forming radical, a few combinations with the most 
important. Ethyl (echat), are presented : — 



Fluoride of ethyl. 


echalf. 




Chloride of ethyl. 


echald. 


Bromide of ethyl. 


echalb. 




Iodide of ethyl, 


echalv. 


Cyanide of ethyl. 


echalam. 




Hydride of ethyl. 


echd. 


Acetate of ethyl, 


C2H5-COCH8-O2, 


echal-artachalt 


Monethylic oxalate. 


C2H«-H-C20202, 


ecfielerot. 




Diethylic oxalate. 


CC.H5)2^20.02, 


echalemerot. 




Methyl-ethylic ether 


CHs + C2H5-O, 


achal-echait. 




Methyl-amylic ether, 


CH3+ C5H11O, 


achal'Uchalt. 




Ethyl-butyhc ether. 


iD2H5+C4H90, 


echal-cchalt. 




Ethyl-amylic ether, 


C2H5 + C5 


HuO, 


echal-uchalt. 





Acid-forming radicals form anhyhrides, corresponding in structure 
with simple ethers ; and hydrates (acids) corresponding with alco- 
hols. Examples of the names of acids of this class are here given : 
for the first term al, I is us6d to shorten the word. 
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Ozalioacidy 
Malonic add. 
Succinic acid, 
!p7T0tartaric add, 
Adiptic addy 
fimelicadd. 
Suberic add, 
Anchoicaddy 
Sebadcadd, 



H^iOi. eUrd. 

C4HA =H,C«H4C204, eUAeroe. 

CsHsOa =H4C»H«Ci04, e/ic*«rof. 

(VHm4I4 =H,C4H8Cs04, d-ocherot. 

CVHisIM =HsCgHioGi04, d-vcherot. 

€«Hm04 = Hs CeHu G3O4, e^-^ocA^rof . 

C^QmAi = Hs CrHu O2O4, el-^echerot. 

CioH]«04=:Hs(W3eC304, dreicherot. 



The Bubstitatioii of a djad metal, or two atoms of a monad metal, 
for el in this series, will form the corresponding metallic salts. 

In a similar manner may be classified alkaloids ; for instance, those 
obtained by drjr distillation of animal matter : -^ 

Fyricfine, CsHs^, itrhn^ 

Kcoline, CsHrN = CHjCs HjN, aehwian: 

Latidine, CtH^N =: (ClU)* CiB^, eehurian. 

CoUidine, €«HuN = (CH8)S€sH5N, ickuHan. 

PftTollne, £^i£S = (€Hs)«CsHfiN, ockuHan. 

Sabstitlltioil& Domas' doctrine of substitutions is veiy clearly set 
forth in the following examples : ^^ 

1. Marsh gas = ard. Chloride of methyl (aehald) =^ arUad. 
Monochlorinated chloride of methyl, arded. 

Dichlorinated chloride of methyl (chlorofonn), cariid. 
Percblorinated chloride of methyl, arod. 

t. Ethylene, «rM. Chlorinated ethylene, edaHd. 

Dichlorinated ethylene, CsHjCla* eded. 

Trichlorinated ethylene, CsHCls, eralid. 

Perchlorinated ethylene, , CaCli, trod. 

S. The action of chlorine on ethylene and cjiloride of ethyl produces metameric 
compounds having widely different boiling points, thus distinguished : — 



iDichloride of ethylene (Dutch liquid), 
Monochlorinated chloride of ethyl, 
{Monochlorinated dichloride of ethylene, 
Dichlorinated chloride'of ethyl, 
{Dichlorinated dichloride of ethylene, 
Trichlorinated chloride of ethyl, 
! Trichlorinated dichloride of ethylene, 
Tetrachlorinated chloride of ethyl, 
i Perchlorinated dichloride of ethylene, 
Perchlorinated chloride of ethyl. 



€aHt HQft 
CaHiOCl, 
CsHsaCla, 
CsH,Cls. 

02HlCl2a2 

C2H2CI4, 
CsH ClsCb 
Cu H CIj, 
.C CUQj, 



^eddd. 
= eched, 
ss edaUd. 
= ecUid, 
= erlod, 
= edod, 
=ieralud. 
= ecaUid, 
=reread. 



Cs Cltf, (identical) eread. 
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4. ^Naphthalene, OioHg, eurei/ 


(Paranaphthalme, CwHio, yoreul.) 




Chloronaphthalme, 


' euredad. ^ Bromonaphthaline, 


euredah* 


Dichloronaphthaline, 


^urealed. 


Dibromonaphthaline, 


eureaUb, 


Trichloronaphthaline, 


eurulid. 


Tribromonaphthaline, 


eurulib. 


Tetrachloronaphthaline, 


eurold. 


Tetrabromonaphthaline, 


eurdb. 


Hezachloronaphthalene, 


eurdead: 


Perchloronaphthaline, 


eureid. 



H. Chlorides and Bkomibbs of Napqthalinb, with Gmelin's names and 

formulas : — 

Hydrochlorate of chloronaphlhaline, 
Hydrochlorate of chlorobromonaphthaline, 
Hydrobromate of quadribromonaphthaline, 
Bihydrochlorate of bichloronaphthaline, 
Bihydrochlorate of bromochloronaphthaUne, 
Bihydrochlorate of terchloronaphthaline, 
Bihydrochlorate of quadrichloronaphthaline, 
Bihydrochlorate of bibromobichloronaphthaline, 
Bihydrobromate of bibromobichloronaphthalinei 
Bihydrobromate of terbromochloronaphthaline, 
Bihydrobromate of quadribromonaphthaline, 
Bihydrochlorate of bibpomoterchloronaphthaline, 
Bihydrobromate of pentabromonaphthaline, 



CioHrCl HCl 


= eareiled. 


CioHeBrCl HCl 


= euredabed. 


Cii)H4Br4 HBr 


= eundb. 


€ioH6Cl2 2 HCl 


= eureilod. 


CioHcBrCi 2 HCl 


— eureilabid. 


CioHjCb 2 HCl 


= euredud. 


Ci»H4CU 2 HCl 


= eureald. 


CioH4Br2Cl2 2 HCl 


= eurealdxxl. 


CioH4Br2Cl2 2 HBr 


= eurealedobn 


CioH4Br8Cl 2 HBr 


» ewealadub. 


CioH4Br4 2 HBr 


■= eurealb. 


CioHsBraCls 2 HCl 


£= eunddiod. 


CioHsBrg 2 HBr 


=3 eurvled). 



Isomerism. By applying the principle of permutation in the ar- 
rangement of letters, the same name is never given to metameric 
bodies having the same ultimate composition. A few examples will 
sufficiently prove the adaptation of the new system to oases of isom- 
erism. Each of the following ten bodies has the empirical formula 
t'l 0^20*3 • — 



Rutic or Capric acid, 
Formiate of elayl, 
Acetate of capryl, 
Propionate of oenanthyl,. 
Butyrate of caproyl, 
Valerate of amyl, 
Caproate of butyl, 
CEnanthate of propyl, 
Caprylate of ethyl, 
Pelargonate of methyl, 



H CO C9H18O, 
C9H19 CO HO, 
Cshir CO CHsO, 
C7H15 CO C2H5O, 
CeHis CO C3H7O, 
C5H11-CO C4H9O, 
C4H9 COCfiHiiO, 
C8H4 COCeHiaO, 
C2H5 COC7H15O, 
CHs COCsHizO, 



LarteochaU. 

eochal-artalt. 

eichcd-artachcdt. 

eechcd-artechaU. 

eajchal-artichalt. 

uahcd-artochalt. 

ochal-artuchaU, 

ichal-arteachaU. 

echal-arteechak. 

achal-arteichak. 



Each of the seven following compound ammonias has the same ulti- 
mate composition, CgHj^N : — 



7^ 
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TriethxUmune, 

Dipiopjlaniiiiey 

CaproyUanine, 

Amyl-methj'laiiiiney 

Batyl-diinedijUimiiie, 

Batjl-etfajUimiiie, 

Propl-ethjlrmethjlaniiiie, 



€«HbH^, 
€*Hu€HgHN, 
CiHs (CH3)«N, 

€4n» CjHs hn. 



eduiin 



eaekakm. 



odiaL<uJialeman. 

ochaUckeUm, 

ickai^dHd'odialati. 



Two Ammonia-cobalt metamebs^ empirical formula (H3N) 
CCI3, are here cited : — 

Roseo-pentammonia'Cobaltic cUaride, ikmum-cabamdd. 

Piirpiireo-peiitBiiiiiiomaKX>baltic (^loride» yubm cobamid. 

It has already been admitted that the improved names, as found in 
Watts' New Dictionary, hare the merit of more precision than the 
old nomenclature in designating the proportions of non-metallic ele- 
ments ; but this precision is not always observed in that portion of the 
name defining the metaL For the purpose of comparison, a few of 
the names given as examples under the article on Nomenclature, page 
125, are here inserted, with the symbols and the proposed new 
names : — 

Platioic dichloride = FbCls, PhOamed. 

Diplumbic triozide — PkOs, PbibemU. 

Triplumbic tetrozide = FIMI4, Pbidmat. 

Biplumbo-dihydric trioxide = [Pbs^lOs, PUibemdU, 

Triplambo-dihydric tetroxide = [PllsH8]04, Phinmdat. 

BUmuthic oxichloride = BICIO, Biaamadat. 

Diplnmbic oxidichloiide = FbaCbO, PhAemedat. 

Triplumbic dioxidichloride » PhsCUQi, Plubimedet. 
Trimercurio-diozidichloride = Hg^Cls02, hygimedet, 

Hydrargyrodihydric-chloronitride == HgCl HaN, hygmaddan, 

Tetramercurio-tetrahydrio-trioxidinitride . = BiNa HgAds, 



Tetramercurio-tetrahydric-diozidichlorodiiiitride = HgjJBLtClsN^ , 



oUn-hygomU. 
hygom-dedetU. 



Water has three distinct functions recognized in the notation, but 
not in the common nomenclature, which are clearly defined in the new 
system. 

1. Water as a true chemical component : it is thus designated by 
elat, alalt or lalt. The first of these names, when forming a part of 
another name, may denote the typical structure and the rational for- 
mula of the compound : it may indicate, likewise, that precisely the 
same number and kind of atoms, by another arrangement, would form 
two independent and stable bodies ; for instance, echelat denotes that 
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slcohol is formed by the combination of the radical echal \7ith the 
water torso alM or aU, and is modelled after the dyad type ; it also in- 
dicates the fact proved by the synthetic process of Berthelot, that 
alcohol contains all and precisely the components forming olefiant gas 
and water. The other name of water, alaU or lalt, shows more clearly 
how the torso alt^ torn from at, will unite with a monad radical or 
metal and- form a perfect body, like, for example, hydrate of potash, 
potamaU ; hydrate of lime, calcameU* 
^ 2. Water as a mechanical component of certain crystals. Under 
the plastic trowel of symmetry, it fills the interstices, so to speak, 
builds up and completes the structure. During this mysterious process 
of construction, the pair of hydrogen atoms are supposed to still cling 
to oxygen ; and the molecule having. such close atomic ties is distin- 
guished by the term aMt This is the only case where the same con- 
sonants are found side by side : the relation in which the word is used 
will prevent its being confounded with the torso alt By changing 
the vowel prefix, any number of molecules, either of water of crystal- 
lization, or of constitutional water, as Graham styles it, may be 
denoted. As a general rule, this name precedes the essential name of 
the compound ; for example : — 

Crystallized periodic acid, with 4 atomB of water, oUt-alavot. 

Crystallize oxalic add with 2 aqua, dtt-derot. 

Prismatic nitrate of copper with 8 aqua, iUt-cupmeneat. 

Bhomboidal nitrate of copper with 6 aqua, ecdU-cupmeneai, 

Nitrate of lime with 4 aqua, oUt-calcmeneat, 

Nitrate of strontia with 6 aqua, vUtstronmeneca. 

Nitrate of lithia with 5 aqua, ulU4ithmamt, 

Frotonitrate of iron with 6 aqua, eaUt-fermeneca, 

Hyposulphite of soda with 6 aqua, vBt-wdemasit. 

Sulphate of soda with 10 aqua, eidUsodenuuot, 

Carbonate of soda with 10 aqua, euUt-sodemarit, 

Sulphate of alumina and potash with 24 aqua, woUtalem-potemosoit, 

Sulphate of alumina and thallium with 24 aqua, wdllUdem^haUemosoit. 

3. Water as a solvent or menstruum, modifying, in proportion to its 
quantity, the chemical power and functions of the compound held in 
solution. The complete and equable diffusion of a soluble body, by 
which its characteristics are manifested through the medium of this 
fluid, may be regarded as the effect of a contiguity resulting from 
molecular rather than atomic attraction. In this case, the pair of hy- 
drogen atoms are designated by the letter A, and the oxygen atom by 
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t ; and tk, as a prefix to the name of a compound, denotes that sucli • 
compound is held in solution hy an indefinite quantity of water. Any 
amount corresponding to a definite number of molecules of water 
may be represented by the usual vowels placed before th. The fol- 
lowing brief exhibit of names will show the economy and precision 
of expression applicable to substances now commonly called and recog- 
nized only by misnomers. 

A solution of hydrochloric acid and water, thalad. 

Fuming solution containing 43 per cent, of HCl or 6 aqua, eathalad. 
Solution of HCl which distils unchanged (20 per cent, acid, or 16 aqua), authalad. 

Hydrate of chlorine (HaO)* CI, uthad. 

Sulphuric acid, distinguished as oil pf vitriol, elasot. 

Sulphuric acid with indefinite quantity of water, tkdasot. 

Glacial sulphuric acid, athdasot. 

Nitric acid, indefinite solution by water, thalamL 

Nitric acid, solution containing 60 per cent NOd or 3 aqua, ithaldnit. 

Solution of ammonia and water, thilan. 

Solution of alcohol and water, thechdat. 

Solution of carbonic anhydride (soda water), tharet. 

In the further progress of chemical investigations, increasing sig- 
nificance must be given to the state of dilatation of the body under 
examination: On passing from the solid to the liquid state, its bulk 
will undergo but comparatively little change. In either state, the 
restless particles which make up the apparently unmoved mass are 
still obedient to the law of cohesion, although in the liquid the league 
of homogeneity is not so binding as to prevent the admission of for- 
eign matter ; but when, by the irresistible power of the almost infini- 
tesimal motions of a subtle medium, heat accelerates and amplifies the 
excursions of particles until they fly simultaneously beyond the do- 
minion of a common attraction, it must be admitted that the mass 
thus expanded to the gaseous state — in reality a vast reservoir of 
molecular momentum — requires some distinctive appellation. It is 
therefore proposed to denote every gaseous compound, and every vola- 
tile body after it has fumed into vapor, by simply prefixing to its new 
name the letter g. 

Were it desirable to show the degree of condensation of gases pro- 
duced by their combination, the number of volumes included in one 
molecule could be indicated by the usual vowels before g ; but as the 
number of atoms now conforms to the number of volumes of gaseous 
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elemental in most cases^ the amount of condensation can be easily esti- 
mated. At present it seems essential only to indicate that the mole- 
cule has assumed a state of gas or vapor. 
The succeeding names are illustrations : — 



GASES at ordinary temperatures. 

Carbonic oxide, gart. 

Carbonic anhydride, ^atet, 

Oleflant gas, gertd. 

Oil gas, gorlol. 

Nitrous oxide, genat. 

Binoxide of nitrogen, gant. 

Nitrous anhydride, ganit. 

Sulphuretted hydrogen, gelas. 
Ammonia, ^lan, 

Phosphuretted hydrogen, gUap, 
Arseniuretted hydrogen, gil-arsam. 
Antimoniuretted hydrogen, gU^ibam. 
Cyanogen (molecule), 
Sulphurous anhydride, 
Hypochlorous anhydride, 
Euchlorine, 
Chlorous anhydride, 
Hydrochloric acid gas, 
Hydrobromic acid, 
Hydriodic acid, 
Oxychloride of carbon, 
Carburetted hydrogen. 
Hydride of ethyl, 
EthyUde of ethyl, 
Chloride of methyl, 
Methylic ether. 



gem. 



YAPORS at heat stated on centigrade scale. 

Chloride of ethyl 11°, gechcUd. 

Bromide of methyl 13°, gachalb. 

Oxide of ethylene 13°.5, gechat. 

Hydrofluoric acid 16°, gala/. 

Peroxide of nitrogen 27°, ganet. 

Sulphuric anhydride 27°, gasit 

Prussic acid 83°, galam. 

Ethylic ether 84°, gachalemat. 

Amylene 89°, gurluL 

Chloride or methylene 40°, gached. 
Protosulphide of methyl 41°, gachdemas. 

Iodide of methyl 42°, gachalv. 

Nitric anhydride 46°, ganut. 

Bisulphide of carbon 47°, gares. 

Bromide of ethyl 47°.7, gechaB. 

Hydrideof methyl 60°, gachdat. 

Chloroform 61°, garUd. 
Sulphochloride of carbon 70°, garsed. 

Caproylene 71°, gearieal. 

Iodide of ethyl 72°, gechalv. 

Bichloride of carbon 78°, garod. 
Perchloride of phosphorus 78°, gapid. 

Absolute alcohol 78°, gechdat. 

Dichloride of ethylene 86°, gerldd. 

(Enanthylene W^,geerleel. 

Steam 100°, gdat. 

In anticipation of an inquiry as to the feasibility of applying the 
new nomenclature to all known chemical bodies, it may be here ob- 
served that new names have been framed for a large majority of the 
compounds enumerated in Storer's Dictionary of Solubilities, as well 
as for many modifications described in Dana's Mineralogy; yet as 
these names form a lexicon of chemical compounds, they cannot prop- 
erly be applied to the large class about the composition of which there 
is still a wide diversity of opinion, particularly to those treated of in 
zoochemistry, from whose percentage-analysis no satisfactory formulas 
have thus far been deduced. No objection can be made, however, to 
the application of new terms to those compounds now designated only 



gadadat. 

gedit. . 

galad. 

gaJab. 

galav. 

garted. 

garol. 



gechaUm. 
gachald. 
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by symbols, or to new bodies not yet named ; such, for example, as 
LoeVs new combination of hydrogen with the sesquisulphide of car- 
bon, aleris. 

Should the proposed system be fovorably received, the most effectual 
mode of bringing it into general use would be to add to the old name 
of a body the new name in italics, in lieu of the ordinary symbols 
which now involve the use of very small figures not always read with 
facility. These symbols have been aptly termed the short-hand of the 
chemist ; yet in a large majority of instances, the ' corresponding new 
names contain a smaller number of syllables ; for example, CO 3 is 
pronounced with three syllables, and garet with two ; HjjO with three 
syllables, elat with two ; HO with two, alt with one ; COCI3 with five, 
and garted with two. 

Those objecting to j;he use of chemical equations, will observe how 
readily the new names may be substituted for such expressions by the 
following examples : — 

( H2aa + Na«0 = Na«Cl2 + H20: 

( ded with sodemat yields sodemed and dot. 

( HsS04 + ZnSO = 2llS04 + H20: 

( dasot with sdnamat yields zinmasot and da/ 

( H2S04 + &l = &lSaa + H2: 

( dasot with zinam yields zinmasot and hydrd. 

\ CaNaOe + Na4S04 = Na« NgOe + CaS04: 

I calemeneat and sodenuuot yield sodemeneat and ccdmasat. , 

Williamson's original view of the constitution of ethers is illustrated 
by the following substitute for the equation explaining the reactions 
which produce the oxide of diethyl : — 

sodamrechak with echalv, yields Sodamav and echcdemat. 

The use of the new nomenclature in conversations on chemical sub- 
jects would correct very soon many vulgar errors, and inculcate, by 
mere imitation and habit, clearer views of combinations. He who ^ 

knows why he calls chloroform arlid, knows on the instant, and knows 
for life, that it is composed of one of carbon, one of hydrogen and 
three atoms of chlorine ; or when he designates laughing gas by genaty 
he announces at once several facts not indicated by the old names, 
nitrous oxide or protoxide of nitrogen. 

Chemical writers, who are obliged to study brevity of expression, 
will fully appreciate the saving of pen and type-work resulting from 
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tiie use of the new nomenclaturey which may often be as marked as in 
the following announcement of a late scientific achievement in old and 
new phrase placed side by side : — 



I1O88SR has succeeded in lepladng 
[an atom of hydrogen in ammonia 
by an atom of hydrogen and oxygen, 
or hydrozyl; thus forming hydroxa* 
laminej. 



L0S8BN has Bucoeeded in replacing [al 
in tZon by ok ; thus foiming aitdfm[. 



TYPK. 



a; 



al) •• 
nil >cm 
al) 



aW 
Ocil 
al 



Tery few of the best practical chemists attempt to tax the memory 
with the exact symbolic formulse of many compounds whose functions 
and general characteristics are well known to them ; yet they are aware 
tliat the application of the theory of substitutions, in the ^higher 
branches of the science, depends on a correct conception of atomic 
proportions. They would therefore advise the young student, whom 
doubt hampers quite as eiFectually as downright ignorance, to avail 
himself of the best meaus to master what is known, and thus prepare 
himself to keep abreast the general progressive movement, and to 
meet the practical difficulties that constantly beset the way of the 
discoverer. 

In conclusion, it is proper to say that only such examples have been 
cited as seemed essential to prove the copiousness and capacity of the 
proposed nomenclature. A more complete elucidation and application 
pf it is reserved for succeeding papers. 
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IV. PHYSICS OF THE GLOBE. 

1. On THE Pkriodicity of THE Aurora Borealis. By Joseph 
, . LoyEBiNG, of Cambridge, Mass. 

As this paper will appear in full in the Memoirs of the American 
Academy of Arts and Sciences, over two hundred pages of which were 
presented in sheets to the Association, only a brief abstract will be 
given in this place. I was incited to th^ study of the laws of period- 
icity of the aurora by the absence of any recorded appearances of this 
display, in this country, before the early part of the eighteenth century, 
A failure in the record which could not easily be explained except by a 
failure in the phenomenon itself, especially when it is considered that 
the early settlers of New England were not likely to have overlooked 
appearances which they could so readily associate with the religious or 
political events of tlieir heaven-determined destiny. A preliminary 
discussion of the subject was first published in the American Almanac 
for 1860, and afterwards, with some modification, in the Memoirs of 
the American Academy, Vol. IX. p. 101. But I was soon satis- 
fied that no satisfactory solution of a vast problem could be reached, 
which was built on anything less than the richest materials that could 
be gathered from the records of science. Much time has been ex- 
pended, therefore, in preparing and printing a complete catalogue of 
ill! the auroras observed from the earliest times down to the present 
year, -—a catalogue which comprises about ten thousand independent 
auroras ajid fifty thousand observations. 

The discussion of these materials, so far as it has yet progressed, 
relates especially to the distribution of auroras between the different 
days aad months of the year, and the accuracy with which this distri- 
bution may be expressed by a periodical function. The subject is con- 
sidered, not only for the whole earth, but also separately for the two 
hemispheres, and for each place where a series of observations has con- 
tinued long enough to justify a distinct discussion. The number 
of auroras occurring in different seasons of the year has been com- 
puted by the following formula : 

N =A4- Cisin. 2 tt (t-f Ci) -f C2 8iii.4 tt (t + 02) + Cs sin. 6 n (t + cs^; 
and the result compared with the observations. The mean probable 
error has been obtained by the usual rule applied to the differences be- 
tween the number of observed and computed auroras. The formula just 
mentioned is the same as I employed in 1845 in discussing the daily 
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changes of temperature and magnetic declination at Cambridge, 
Mass.* In 1843 EfelcJf published t at Helsingfors, Russia, a mathe- 
matical investigation of the yearly march of auroral phenomena, in 
which he employed the same periodic function as I have adopted. 
Copies, however, of the Scientific Transactions, in which Eklof pub- 
lished his labors are very rare in this country. I only know of the 
single one which I had recently an opportunity to examine, in the Astor 
Library, of Kew York. As Eklof confined his inquiry to a few 
places, ana to small and imperfect catalogues of auroras, what I hate 
added to his work may not, perhaps, be superfluous. 

I have taken notice in my memoir of the attempts made by Mairan, 
Ritter, Hoslin, Quetelet, Wartmann, Bou^, Baumhauer, Wolf, A. de 
la Rive, Frit2, and Littrow, to establish relations between the periods 
of auroral maxima and minima and those of shooting stars, meteors, 
earthquakes, disturbances in the earth's magnetism, or the sun's in- 
flamed surface, and even the larger nutation-period of the earth's axis, 
to say liothing of hail-storms, snow-storms, lunar halos, winds, etc. 

Since the first two hundred and forty pages of my Memoir on the 
Periodicity of the Aurora have been printed. General Lefroy, formerly 
director of the magnetic observatory in Toronto, Canada, has put at 
my disposal his large accumulation of observations In British Amer- 
ica ; also Prof. Joseph Henry, Secretary of the Smithsonian Institu- 
tion, has placed in my hands the unpublished records of meteorology 
made in various parts of the United States, under the auspices of this 
institution, in accordance with the comprehensive plan of its accom- 
plished Secretary. With these new and rich materials, and others 
not specified, to which I have had access since my first catalogue was 
printed, I have been induced to 'pause in the midst of my discussion of 
the secular periodicity of the aurora, and print a supplementary cata- 
logue. I therefore postpone any remarks on this point until the next 
meeting of the Association, when I hope the new catalogue will be 
printed; and the investigation brought to a conclusion. However, the 
additional observations contained in the last catalogue, embracing, as 
they do, but a short period of years, will have lefes influence upon the 
question of the secular periodicity of the aurora than upon its yearly 
march from month to month, at Toronto, Quebec, Newfoundland, 
etc. 5 for which the observations in the first catalogue were limited to 
a small number of years* 

* Memoirs of the American Academy of Arts and Sciences. III. 44. 
t Acta Soc* Sci. Fennic. etc. II. 302. 
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2. Eemarks on Meteorolog'^cal Results deduced from the 
"New Method op Registration, By G. W. Hough, of Al- 
bany, K. Y. 

(abstract.) 

A DEFINITE knowledge of the laws which govern atmospheric phenom- 
ena, we believe can only be attained by the study of continuous records. 
Isolated observations made two or three times each day, on tempera- 
ture, pressure, etc., will never give us correct views regarding the 
changes continually taking place, or the manner in which they are 
brought about. Observations of this kind have been of great value in 
determining some of the more general laws of climate, but we believe 
nearly all the results, capable of being deduced from such data, have 
been attained. We must therefore look for a more complete and ex- 
tensive system of observation for the deduction of the special laws 
governing atmospheric changes. 

During the past two years there has been in successful operation at 
the Dudle}' Observatory, a registering and printing barometer, invented 
and first employed at this institution. This instrument gives a con- 
tinuous record of the changes of atmospheric pressure, and prints, with 
type, the height of the barometer hourly. It also records the total 
motion of the barometrical column, or in other ^ords the total amount 
of atmospheric disturbance; a result which has never before been 
attained. During the past year instruments of the same kind have 
been in operation at the Chamber of Commerce, New York City, and 
at Rutger's College, and also for a short time at Dartmouth College. 
The comparison of the continuous records made at these places has 
enabled us to deduce some interesting results. 

The total motion of the barometrical column, for the year 1866, was 
148.6 inches, — for summer 62.1 inclies, and for winter 86.5 inches, — 
which is equivalent to removing the whole body of the atmosphere five 
times every year. The greatest motion was in the month of March, 
the least in June ; in the former case 19 inches, in the latter 7 inches. 
There is apparently but little difference in the amount of the motion 
for the different months from May to September, and the same thing 
may be said of the remaining months from October to April. This 
result is as might have been anticipated, since, during the summer, 
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the weather is more uniform and not liable to so great changes, while 
during the spring and winter the atmosphere is almost constantly in a 
state of agitation. 

It was stated, at the meeting of last year, that we believed great 
storms were preceded by a large number of small pulsations in the 
atmosphere, and that these pulsations were manifest in the barometer 
by the distance travelled by the column of mercury in any interval, as 
compared with the absolute change of height in the same time. 

For the purpose of illustration, we will suppose the barometer has 
fallen 0.6 in. in 24 hours. Now, if in passing over this distance there 
have been no pulsations, the total motion will only amount to 0.5 in. 
But if on the contrary, the column has been in a state of agitation, 
the whole distance travelled by the mercury in falling 0.5 in. may 
amount to two or even three inches. 

Hence we conclude that the total amount of atmospheric disturbance, 
as indicated by the motion of the barometrical column, is intimately 
connected with the state of the weather, the disturbance usually pre- 
ceding great storms of wind, or heavy falls of rain or snow. During 
the year 1866, there were eight days on which the disturbance 
amounted to more than one inch, for the total motion of the column, 
and on one day the motion was over two inches. This excessive dis- 
turbance on December 27th was followed by a gale of wind, and on 
the next day by a fall of 16 inches of snow. And, generally without 
exception, these excessive disturbances were followed either by wind, 
or a fall of water. The storm of December 27th and 28th will be 
remembered by every one ; it was a great storm, extending both east 
and west. Previous to this storm the height of the barometer only 
changed three-tenths of an inch, but the total motion was more than 
seven times as great, going to prove that the disturbance is of more 
importance in predicting storms than the chanjges of barometrical 
height. 

The continuous record of the barometer gives us at a glance a gen- 
eral history of the weather. In fact, so uniform are the indications, 
that from an inspection of the curves, together with the records of the 
total motion, the direction and approximate force of the wind and the 
fall of rain can be determined with considerable precision. At Albany 
the barometer almost invariably rises under a west wind, and falls 
under a south wind owing, perhaps, to the influence of the valleys of 
the Mohawk and Hudson. 
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It has long been known that the barometer has a diurnal variation, 
due, we presume, almost entirely to temperature. From the monthly 
records of the past two years, we have deduced the diurnal variation. 
It is found that in the mean for the year, the barometer is at its mean 
height four times each day 5 viz., at noon, 8^ P. M., 1 A. M., and 4 J 

A. M. 

The following are the times of Maxima and Minima for 1866. 





MIN. 


MAX. 


MIK. 


MAX. 


Year 


4 P.M. 


10 P. M. 


3 A.M. 


10 A.M. 


Spring 


3 " 


11 " 


8 " 


8 " 


Summer 


6 " 


12 " 


3 " 


9 " 


Autumn 


4 " 


10 " 


8 " 


10 " 


Winter 


3 « 


10 " 


8 " 


10 " 



It appears from these results that the second minimum is constant 
for the year. The principal maximum occurs earlier, and the princi- 
pal minimum later, in summer than in winter. 

The daily amplitude, or difference between the principal maximum 
and minimum, for the year 1866, was found to be 0.063 in. 

Atmospheric pressure is generally propagated from west to east, but 
such is not invariably the case. There is but little difference in the 
time at which the barometer reaches the highest and lowest points at 
New York and Albany, in fact, generally the curves are essentially 
identical. The examination of a large number of records appears, how- 
ever, to indicate that, when the barometer is falling, it reaches the 
lowest point soonest in New York, and, when rising, it reaches the 
highest point soonest in Albany. 
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I. GEOLOGY AND MINERALOGY. 

i. Depression of the Ocean during the Ice Period. By 
Charles Whittlesey, of Cleveland, Ohio. 

It is a well settled truth in geology, that soon after the era of the 
Pliocene tertiary, a large portion, of the earth around the poles was 
coated with ice. It is not well settled to what this depression of tem- 
perature was due ; but it will probably be found to be owing to astro- 
nomical changes, during which the angle between the ecliptic and the 
equator was different from what it is at present. 

I do not propose to examine this question, at this time, but to show 
that there must have been, during the glacial period, a material de- 
pression of the surface of the ocean. 

The land in the Northern Hemisphere bears abundant proofs of sub- 
mergence towards the close of this period, up to elevations that are 
now 2,000 feet above tide-waters. Whether this submergence was, 
due to a rise of the waters, or to a subsidence of the land, I do not pro- 
pose to discuss. The change I wish to present to your consideration 
is one which must have taken place while the ice period was coming on 
and which must have been occasioned by a depression of the waters. 

Accumulations of ice and neve can only occur on land by deposition, 
in the form of rain and snow, which becomes congealed. The ultimate 
source of this deposition is evaporation from the open surface of the 
sea. Inland lakes, rivers, swamps, and low lands furnish vapor to 
the clouds ; but all fresh water basins receive their supply originally 
from the ocean. 

The water line, or level of the sea, remains fixed, only because the 
amount of water taken up in vapor from its surface is returned to it 
through the rivers of the globe. If the water deposition on the surface 
of the land is not returned to the sea, it must be subtracted' from the 
mass of the common reservoir. 
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The era of ice came on by a slow but regular decrease of tempera- 
ture. At the present time, the area of perpetual ice is small in com- 
parison with the entire surface of the earth ; but in the glacial epoch 
it was much larger. Let us imagine a depression of temperature to 
occur now, throughout the regions towards the poles. A loss of one 
degree of heat (Fahrenheit) annually would cause the snow line to 
descend 300 feet per year, thus enlarging the area of perpetual congel- 
ation. Around the base of all high mountain ranges, all the territory 
300 feet below the previous snow line would become a retaining surface, 
no longer giving back its depositions to the sea. Rivers would contin- 
ually become shorter and smaller. The inland lakes would, in process 
of time, become ice-bound, and, as the continental masses accumulated, 
they would encroach upon the ocean itself. 

In the central portions of British North America and Asia, this 
accumulation would attain during a long period of time a great thick- 
ness. I think the observations show that in all ice masses there is a 
gradual but resistless outward motion. They would not only crowd 
into the basins of the great lakes, but into the bays, straits, and minor 
seas, connecting with the ocean. The Arctic Sea would be very much 
diminished in extent, and the sea of Okhotsk, of Kamtchatka, Hudson's 
Bay, Baffin's Bay, and the Baltic, would evjentually be filled up and 
become ice-fields, from which evaporation would measurably cease. 

On the coasts of Russian America, of Labrador, Greenland, Iceland, 
Norway, and Siberia, the continents would constantly gain upon the 
sea, so as eventually to connect Europe, America, and Asia, along the 
Arctic Circle. 

The Antarctic Continent, now occupying about 10 degrees of latitude 
around the southern pole, would also increase in size towards the equa^ 
tor and connect with Terra del Fuego, where glaciers still exist. The 
glacier fields of the Andes would enlarge towards the south, and join 
with those of Patagonia. Those of the Alps pushing northward over 
Switzerland, across the chain of the Jura, would meet those of Scandi- 
navia in Central Europe. In North America there are existing gla- 
ciers on the Rocky Mountains as far south as latitude 51° north, and 
it is reported that Bierstadt discovered one as low as latitude 45°, of 
which he has given a striking picture, from sketches made on the spot. 

A projecting tongue of the North American ice field would project 
southerly along the Rocky Mountain range towards New Mexico and 
perhaps into Mexico proper. 
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If the area of this immense field of congelation could be determined, 
its extent, compared with the remaining water field of the earth's sur- 
face, being known, the depression of the waters by evaporation could 
also be determined. To obtain the absolute depression, it is farther 
necessary to know the duration of the ice period or the average thick- 
ness of the ice over the area of congelation. 

Geologists have not yet determined accurately the limits of glacial 
action even in the Korthem Hemisphere. In Central Asia those limits 
are quite conjectural. The tendency of the observations now going on 
is to enlarge the extent of the ancient ice-fields. 

After an examination of the ancient ice areas in North America^ 
Europe, and Asia, I regard them as equal to one-fifth the present 
land surface of the Northern Hemisphere. The enlargement of the 
continental spaces over the adjacent seas, including the Antarctic Con- 
tinent, I assume to be as much more. If this assumption is correct, 
there was a period when onerfifth of the land of the globe presented a 
congealed surface, and the remainder an evaporating surface. Of this 
evaporating surface, however, those parts which were then land, not 
covered with ice, derived their water of deposition from the ocean, 
circumscribed in the manner I have indicated. 

The dry land of all the continents is now estimated to be, in refer- 
ence to the ocean, as one to three^ the land embracing one-fourth and 
the water three-fourths of the surface of the globe ; or as thirty-seven 
millions of square miles is to one hundred and eleven millions. Two- 
fifths of thirty-seven millions is one-tenth of the surface of the earth, 
and about fifteen millions of square miles. 

We cannot, at present, fix the average thickness of the ice covering 
as satisfactory as we can its extent. In New England, it does not ap- 
pear to have reached the tops of all the mountains, but only a height 
of four thousand! three hundred to five thousand three hundred feet. 
Over the region of the great Lakes, the glacial etchings upon the 
rocks extend tp the summits of the country, which are, however, not 
more than two thousand feet in elevation. The ice covering must 
have exceeded this height by several hundred feet. 

All the country around Hudson's Bay, the valleys of the Copper 
Mine, the McKenzie and the Saskatchawan Rivers, is a rocky plateau, 
nowhere rising above two thousand feet, until the base of the Rocky 
Mountains is reached. 

In Northern Asia, there are still larger areas which are destitute of 
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mountaiiis. Over these level spaces the accumulation must have been 
heavier and of more uniform thickness than in more elevated and bro- 
ken regions. Dr. Hayes penetrated the great mer de glace of Green- 
land, — a distance of seventy miles. At that distance, directly interior, 
it had an elevation of five thousand feet, presenting a smooth surface 
covered with snow. .This is the largest ice field of the present era, 
known to us in the Northern Hemisphere ; covering about four hundred 
thousand square miles. It is probably not an exaggerated estimate of 
this mass of ice, to regard it as equal to eighteen hundred feet of 
water over the same area, which, spread suddenly over the surface of 
the ocean, would raise it between three and four feet. 

The Antarctic Continent is much larger than Greenland, and the 
ice covering is probably thicker. It must embrace from one million to 
one million five hundred thousand square miles. Its sudden liquefac- 
tion would give to the sea an elevation of about ttvelve feet. 

In case the glacier regions of the Alps, of Arctic America, Patagonia, 
the Himalayas, and Arctic Asia should suddenly become warm, and 
the ice accumulations of thousands of centuries be reduced to water, 
seeking the sea through natural channels, nearly two huodred thousand 
square miles more of congealed matter would be returned to the ocean 
in a liquid form. 

The density of the ice covering is another undetermined element. 
As compared with salt water, the icebergs of the north vary in weight 
or specific gravity from one- eighth to one-sixth. Their age, the pres- 
sure to which they have been subjected, and the length of time they 
have been afloat, each has its effect upon the solidity of the mass. 

Assuming a specific gravity for solid ice of 0.90 of fresh water, an 
average thickness of two thousand feet represents about eighteen hun- 
dred feet of water spread over the same area. This body of water 
covering one-tenth of the surface of the earth, evenly distributed over 
the remaining nine-tenths, is equal to about one hundred and ninety 
feet. The same quantity abstracted from an ocean, covering only nine- 
tenths of the globe, would depress the level a greater number of feet ; 
because ^he mass would diminish as its surface should be lowered. 
Besides, from the area of evaporation there should be deducted the 
land surface of that period, which, if it bore the same relation to the 
sea as it does now, would be, on .the basis of my calculations, twenty- 
two millions of square miles to be taken out of one hundred and 
eleven millions. The open sea would be then restricted to less than 
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ninety millions of miles, perhaps to not more than one-half the surface 
of the globe. 

From all these considerations, at the period of greatest cold, the de- 
pression of the ocean level should be, at least, three hundred and fifty 
or four hundred feet. As the waters retired, the configuration of all 
the continents would change; groups of islands, like the -West Indies, 
would unite, forming a smaller number of islands, but of larger area ; 
new points would appear above the ocean level, and large shoals, like 
those of Newfoundland, become dry land. On these newly exposed 
surfaces, the temperature constantly falling, and ice and snow accumu- 
lating, the general reign of cold would be accelerated. The equilibri- 
um between the warm and fluid portions of the earth and the solid 
and cold portions being destroyed, the difference in favor of the frigid 
portions would go on increasing until checked by a return to the pre- 
vious astronomical status. The belt, or zone, of temperate climate 
along the equator would be contracted as the frozen zones were en- 
larged. 

When the epoch of ice reached its maximum, the return to the pre- 
vious condition of the earth's surface must have been gradual. The 
surface of the ocean would rise ; and in case a period of higher tem- 
perature than the present succeeded the ice period, the sea level must 
have been higher than now. 

As the stability of the ocean level depends upon such slight varia- 
tions of terrestrial temperature, it is remarkable that it should be so 
well fixed. It must be that there are compensations in nature to pre- 
serve this stability. 

Prof. Hall has long advocated the theory that heavy accumulations 
of transported materials, at the bottom of the sea, will eventually settle 
by their own weight. In that case a corresponding rise should take 
place in some adjacent region. If this position is 'a sound one, heavy 
accumulations of ice should produce the same results. . There is some 
evidence, now available, to confirm this theory. The coast of Green- 
land is reported to be sinking, and that of Newfoundland to be rising. 

During the ice period, a material portion of the mass of thQ globe 
was transferred from the equatorial seas in the form of vapor, and accu- 
mulated towards the poles, along and outside of the Arctic circles. 
Unless there is a mode of compensation, the figure of the earth was 
somewhat changed by this transfer, fts oblateness would become less, 
and its period of diurnal revolution would be altered. 
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The large, level regions in British America, east of the Rocky 
Mountains, would be the seat of a deposition of rain, forming ice, 
neve and snow, of great thickness, as is seen in Greenland now ; only 
the accumulation would be as much heavier as the area is larger. 

The motion which occurs in all ice fields towards the sea, or towards 
the thawing edges, is so slow as to require extremely long periods of 
time for their destruction. During this epoch, a new burden rested 
upon the eartli, along a belt corresponding nearly with the Arctic and 
Antarctic Circles, rising from thtec thousand to six thousand feet. A 
gradual settling of these reg^'ons may have occurred from this cause* 
In case this position will bear investigation and is a true one, we shall 
have a much better explanation oi the drift plateaus, ridges, and terra- 
ces ot* the quaternary period, which exhibit oscillations of level. A 
movement of elevation onl}'' is not sufficient. They involve changes of 
level in both directions, alternately up and down, of which we have not 
sufficient proof in the sudden upheavals and depressions of the rocky 
strata at that epoch. On Lake Ontario we have marine clays in the 
same present horizon with fresh water clays on Lake Erie, belonging to 
the drift period. If the interior of the continent went down, the natural 
result would be a simultaneous rising of the ac^'acent coast, bringing 
up the marine deposits* 



2. Abstract? ob* ReMakiiLs upon i^itE Oocurkence oj* Iron m 
Masses. By Charles WtitiTTLESEY, oi Cleveland, Ohio* 

I DO not propose to go into local details concerning the occurrence 
of masses of iron ore, with the exception of the gi^eat belt of hematite 
ores, extending from the lower Susquehanna, in Pennsylvania, north- 
easterly through New Jersey, New York, Connecticut, Massachusetts, 
and nearly through Vermont ; neither shall I speak of the ores of the 
coal series, which occur in thin bands and not in masses. 

On this general map of the United States and of Canada, I have 
colored the important iron centres black, but the scale is too limited to 
represent their form and extent in proper proportions. The first 
mountains of iron ore which attracted attention in this country were 
those of Missouri, about eighty miles south of St. Louis. Here the 
iron knobs, masses, and mountains appear, like the degraded edges of 
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heavy ferruginous strata, in metaniorphic beds, which have a porphj- 
ritic aspect. The ore is nearly pure specular oxide, in inexhaustible 
quantities; although the territory over which it is found is much less 
than in Michigan. 

About five hundred miles liorth of the iron mountains of Missouri^ on 
the waters of Lake Superior, occur the iron mountains of Michigan and 
Wisconsin. Those in the latter State occupy a belt about thirty miles 
in length, extending south- westerly from the boundary on Montreal 
River, at a distance of ten to twenty miles from the lake. This ore 
is wholly viagnetic, and occurs as a stratum, in a belt of stratified 
azoic quartz, dipping north-westerly at a high angle beneath the 
copper-bearing trap. It is fine-grained, black, frequently laminated, 
in plates with sharp edges, free of sulphur, phosphorus, arsenic^ or 
other chemical impurities. The quantity is inexhaustible, —probably 
the accompanying rocks are metamorphic. They are almost entirely 
composed of silex, or silex and hornblende. The order of succession 
downwards is 

1st. Potsdam Sandstone, of great thickness, at least ten thousand 
feet, dipping north-westerly at a high angle of seventy to ninety de- 
grees beneath Lake Superior. 

2d. Copper-hearing trap, a continuation of the Point Kewenaw 
Range, dipping conformably under the sandstone. 

3d. Rocks of a trappose cast externally ; but the analyses show no 
relation to trap, highly crystalline, red, blue, and black, dip conform- 
able to the superior beds, but not as steep ; thickness two to two and 
a half miles, 

4th. Quartz beds, conformable and often slaty ; thickness, half a 
mile ; color white, gray, blue, and black ; a band of magnetic ore near 
the centre, but not everywhere workable. 

5th. Granites and Sienites of Central Wisconsin. No crystalline 
limestone has yet been discovered in the formations here noticed. 

It is about one hundred and ten miles to the eastward of this iron 
belt to the exposures of iron slates, on the head waters of the Meno- 
minee River, near the Twin Falls, on the boundary between Michigan 
and Wisconsin. Here ferruginous masses form an important portion 
of the azoic rocks. They are both magnetic and specular. The adja- 
cent rocks are siliceous slates, red, gray, dun, and black, all containing 
iron. There are hornblende slates and flags, and bands of blue, gray 
red, and variegated marble. 
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Proceeding north-easterly from the Menominee towards Marquette, 
the rocks become more trappose, and the iron ore, which is principally 
specular, but sometimes magnetic, becomes less slaty and more mas- 
sive. The iron district is irregular in form, the longest, or east and 
west diameter, being about one hundred miles, and the north and 
south fifty miles in length. Heavy beds of quartz and dolomite char- 
acterize this region ; but there cannot be traced in it the regular strat- 
ification of the Montreal and Bad River country. Both the quartz 
and the marble constitute immense elongated, flattened, and crooked 
bunches, not extending through the region as a connected system. In 
the easterly part of this great iron-producing field, nearest to Mar- 
quette, the trap ranges, and their huge bunches of ore, partake of the 
same form and irregularity. The field is known as part of the azoic 
series, in the Reports of Foster and Whitney, embracing, in addition to 
the marbles and siliceous slates, some micaceous schists and argillaceous 
and hornblende slates. It is bounded on the north and south by 
mountains of sienite and granite, having enclosed masses of hornblende 
rock, and occasionally dykes. 

In the Canadian Reports, the Azoic system of Foster and Whitney 
is regarded as metamorphic, and divided between the Huronian and 
Laurentian formations. 

Adjacent to the masses of ore hitherto wrought, is a rock which the 
miners call " greenstone," generally a homogeneous, but sometimes 
slaty, soft, liglit green rock, forming mountain ridges, the analysis of 
which corresponds with trap. It contains a large per cent, of oxide of 
iron, and passes gradually into workable ore. There is no regularity 
of dip among these greenstone ridges, nor in the included ore beds, 
nor are they continuous or strata-like in the direction of the ridges, 
but only more elongated in that direction. The ore masses are not 
separated by planes of division from the a«ifacent rocks. All of the 
rocks, composing the iron-bearing series, extend easterly into the 
Lake, at Marquette ; but no workable masses of ore have been found 
nearer to navigable water than fourteen miles. A railway extends 
about thirty-five miles into the region to Match igamni Lake, without 
reaching its central portions. The supply is incalculably large ; and 
its present importance is shown by the amount of ore shipped, or 
manufactured in 1867, which exceeds four hundred and fifty thousand 
;ross tons. Of this, about three-fourths is specular, the remainder 
nostly hematite, forming a portion of almost (^vt^^-- — *• - - ^ - '* 
thousand tons of magnetite. 
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In the Laureutian system of Canada there are several remarkable 
deposits of irou ore, principally magnetic and crystalline. They are 
found on Lake Nepissi ng, north of Lake Huron, at Bay St. Paul, on 
the St. Lawrence, where the ore contains a large per cent, of titanic 
a«id, and on the Bideau Canal, at Mud Lake, midway between King- 
ston and Ottawa. But the largest masses, approaching those of Mich- 
igan and Missouri in size, are at Marmora, near the gold field of 
Madoc, on the waters discharging into the Bay of Quinte. None of 
these mines have as yet furnished much ore to commerce, owing, 
probably, to the low state of iron manufacture in Canada. 

Tlie rooks composing the mountainous region of Northern New York 
are outliers of the great Laurentian field in Canada. Here, over a 
spaoe nearly one hundred miles in diameter, iron ore, in general of the 
magnetic variety, is everywhere found. It occurs in veins or beds, or 
both, different e^cplorers using these terms interchangeably. ThtJ ore is 
not found in masses like those at Marquette. Large numbers of the de- 
posits are, however, thick enough to be wrought. It is only the rough, 
impracticable character of the country which has prevented the vast 
iron region of the Adirondack from being penetrated by railroads, and 
exposing numberless mines. At present, only the eastern edge of the 
region, which approaches within a few miles of Lake Champlain, is ac- 
cessible. The ore is even yet brought to navigation by teams over 
rough roads, from whence it is shipped to the furnaces on the waters of 
tlie Hudson. A few thousand tons are annually transported to the 
works in Ohio, at and near Cleveland, It is generally crystalline, 
easily crushed, makes a tough metal, and is jiarticularly good for lin- 
ing to puddling furnaces. Besides the micaceous and quartzose beds of 
the Northern Laurentian, the New York portion of the formation, 
especially the south-eastern portion of it, embraces hypersthene rocks 
in great force ; but the limestones are wanting. On the waters 
of the Oswegatchie, near the junction of the overlying Potsdam, 
in St. Lawrence County, there are large irregular deposits of red 
ochrey hematite. In connection with these hematites are elongated 
masses of cr3'^stalline limestone, such as accompany the hematite beds 
of the Taconic range in Connecticut and Massachusetts. After pene- 
trating from the hematites, on the Oswegatchie, a short distance east- 
ward, into the Laurentian field, the black, rich, magnetic ores of the 
Adirondack are met with, having the usual form of beds, or veins, per- 
haps both. Wherever this wild region has been penetrated, whether 
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by hunters, fisherman, or explorers, their reports agree, that iron ore 
exists in quantities literally inexhaustible. 

Thus the notable deposits of magnetic and specular iron ore are 
found associated with the quartz rocks, hornblende rocks, porphyry, 
micaceous schists, and dolomitic marbles, composing the most ancient 
metamorphic series. If the metamorphism of the Laurentian and Hu- 
ronian formations shall be regarded as an established geological fact, 
the separation of the oxides of iron from these rocks into veins, beds, and 
masses can be easily accounted for. All sedimentary strata contain 
the oxides of iron; and any agent powerful enough to change the 
crystalline form of rock would bring about a concentration of tlieir 
minerals. Metals, their oxides and salts, possess an inherent quality 
of segregation. Whenever the condition of the enclosing strata is 
such as to allow of motion among particles having the affinity of segregji- 
tion, they must obey this affinity and become more concentrated. The 
points about which the concentration takes place are determined by 
the accidents of fracture, change of density, divisional planes, and even 
by the presence of fossils. 

There are very important deposits of iron oxide in the sedimentary 
rocks of the United States that do not come under the head of 
masses. Of these, the most persistent and wide-spread is that belong- 
ing to the Clinton group of limerocks which is generally oolitic in 
structure. In Wayne County, New York, there is a remarkable out- 
crop of this ore about twenty miles in length. In Wisconsin it has 
been opened in Dodge and Bi:own Counties, several feet in thickness. 
On the Upper Juniata, in Pennsylvania, and thence south-westerly, in 
the same formation through Maryland into Virginia, it h^ been dis- 
covered and worked at numerous points. It exists in force in the 
same geological horizon in Eastern Tennessee, extending southerly into 
Alabama, under the name of " dyestone ore." As a general rule, it 
produces a soft iron of superior quality, and is very easily reduced in 
the furnace. 

But the iron-bearing belt, which is best known to manufacturers be- 
cause it has been longest and most extensively wrought, belongs to 
the G-reen Mountain range of Vermont, and extends thence southerly 
through Massachusetts, the north-western comer of Connecticut, and 
Eastern New York, crossing the Hudson River near Fishkill, thence 
across the north-western part of New Jersey into Pennsylvania, and 
across the Susquehanna into Maryland, — a distance of, at least, three 
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hundred and fifty miles. A large part of this range is now regarded 
as a part of the lower siluriaa system, in a highly metamorphosed con- 
dition. 

After crossing the Hudson, the hematites diminish in quantity, 
being partially replaced towards the south-west by magnetic ores, or 
by beds, veins, and masses coutaining both varieties. The same met- 
amorphic belt, existing in very different degrees of change, which ex- 
tends southerly througli Virginia and North Carolina into South Caro- 
lina, near King's Mountain, carries everywhere deposits of iron ore, 
but more magnetic than hematite. In this quarter, no great mines 
have been' opened ; not from the lack of ore, but from the absence of 
enterprise. The most southerly mine, developed on a large scale, is 
the famous Cornwall ore bed, in Berk's County, Pennsylvania. Ac- 
cording to Mr. Lesley, it belongs to the Upper Potsdam. The ore is 
principally hematite, with pyrites and some magnetite. There are 
trap dykes intersecting the mass, to which, no doubt, some of the 
metamorphism and segregation is due. Similar masses are well de- 
veloped in the same horizon in Buck's and Lancaster Counties at 
Chestnut Hill, and at the Warwick mines. 

In order to compare the mode of occurrence here with that in Con- 
necticut and Massachusetts, I quote from Lesley's exhaustive work on 
the Iron Manufacture of the United States, p. 560, — a local section 
made by Prof Rogers. The mine, near Safe Harbor, on the Susque- 
hanna, had, in 1858, reached a depth of one. hundred and thirty • 
eight feet. It is situated between Potsdam slates and magnesian 
limestone, F. 2, dip 40°. 

T1IICKKES8. 

1. Mica slate, ...... 14 feet. 

2. Sandy ore, not given. 

3. Brown hematite ore, solid, . . .6 feet. 

4. Mica slate, 10 " 

5. Blue talc slate, 30 " 

It is to these remarkable hematite bunches, extending from the 
Susquehanna north-easterly to and across the Hudson, and thence 
to the Otter River, in Vermont, that I propose to devote the remain- 
der of this paper. There lias been a great diversity of opinion among 
geologists on the origin of these deposits. By hastily grouping their 
leading characteristics, light will be thrown upon this question. A 
;roup of hematite mines* about Saegersville and Trouton, in Lehigh 
Jounty, Pa., whic'.b have been long wroucfht, are in close relations with 
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lower Silurian limerock. This association with limestone, generally 
crystalline, is the marked feature of the massive'heraatites. The ex- 
tensive mines near Allentown and Bethlehem, Pa., are also in contact 
with limestone beds of the same age, constituting in an altered condi- 
tion, the " Quebec Group " of Canada. On the same geological range, 
travelling to the north-east, in New Jersey, near the line of New York, 
at the base of Pochunk Mountain, is a repetition of the red hematite 
masses. Its dip is steep to the east-south-east, lying between beds of 
gneiss, altered felspar or kaolin, and crystalline limestone, belonging to 
Formation No. 2. 

The Townsend mine, at Cornwall, Orange County, N. Y., is in the 
same formation. At Westchester, N. Y., the ore is alternated with 
layers of clay (altered felspar) and sand. At the Prescott Bank, in 
Hillsdale, crystalline limestone forms (according to Prof. Hodge) the 
base of the mine. The Fishkill mine is between strata of limerock. 
F. 3 (Hodge). Its section is thus : ore, with a band of slate, fourteen 
feet ; clay, fifteen feet ; ore, six feet. In Columbia and Duchess 
Counties, N. Y., the ore lies generally at the junction of the Potsdam 
and calciferous (F. 2), resting on limerock, with mica slate above. The 
dip is twenty to sixty east (Mather). The Amenia banks are be- 
tween talcose, or talco-micaceous schists and limestone. 

In Dover, N. Y., six miles west of the Housatonic River, the nearest 
visible rocks are the mica slate (Hitchcock). 

Proceeding northerly, there are old openings at Kent, on the 
Connecticut and New York line, where the foot-wall is micaceous 
gneiss, then ore and green earth twelve feet thick; dip easterly, 
60° to 80^. At Indian Pond in Sharon, Conn., just south of the 
Taconic mountain, is the same ore, a little flatter, the dip being 
about 45^ east. 

The most ancient and the best developed of the iron mines of this 
range are at Salisbury, Connecticut, a township situated in the north- 
west comer of the State, the west line abutting on New York, and the 
north line on Massachusetts. Iron was made from the " Old Ore Hill " 
Bank as early as 1748. At present the principal excavations are 
known as Chatfield's, the « Old Ore Hill," and Davis'. In Mr. 
Lesley's view, the Chatfield Bank is on or near the crown of an 
undulation, the dip being to the east about 50°. 

The Old Ore Hill Bank is but a short distance north of Chatfield's, 
and the exposure is more extensive. It rests on quartz bunches, 
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Wliicli pass iuto the micaceous, or talco-inicaceous mass of the Taconic 
mountain, that rises rapidly to the nortli, attaining the general alti- 
tude of the Green Mountain range, of which it forms a part The 
strike is north-east ; the dip 50^ to GO** south-easterly. These layers 
are not strictly conformable to tlie face of the micaceous portion, but 
a little flatter. When I examined it in 1858, the space then worked 
by the miners, measured across the beds, was seventy feet wide, in 
which there were visible four warped beds .composed of fibrous quartz, 
and a talcose material which the workmen call "white horse." These 
corrugated beds were gray, white, and red; the fibres, or needle-lilve 
crystals of the quai*tz, standing at right angles to the surface of the 
layer. The space between the strata was occupied by kaolin, clay, 
ochre, and hematite. Much of the ore is crystallized in bunches and 
geodes, the crystals radiating from the centres, or other surfaces, which 
are polished, and show brilliant black and iridiscent colors. There are 
crystals of felspar in the ore, which lies not in flat bands, but in 
bunches, surrounded by felspathic clay that passes into ochre. Along 
the eastern foot of the mountain to the north-east are several openings, 
the principal of which is the "Davis Mine,^' about four miles from the 
Old Ore Hill, and a mile south-west of the centre of Salisbury. Here 
are the same variegated layers of talcose, aluminous, and siliceous 
matter,, also warped and twisted, having the same general inclination 
to the south-east, varying from 20^ to 40®. As at the other mines of 
the hematite series, the ore is covered with a heavy deposit of coarse 
drift, which conceals the ore sometimes to a depth of twenty or thirty 
feet, and must be carted away as the work progresses, causing a 
heavy and constant expense for dead work. On the side next the 
mountain there is here a bed of crystalline limestone which is not 
conformable to the iron-bearing layers, but dips north-west at an 
angle of 45®. This is doubtless due to local disturbance. On the 
east the valley of the Housatonic is occupied by the same limestone 
in great force. According to Mr. Percival, the ore lies between this 
metamorphic limerock (Formation M) and the talco-mica slate. 

On the west side of the Taconic mountain in New York, near 
Middleton Station, on the Harlem railway, two miles west of Ore Hill, 
a mine has been wrought for many years for the use of Dakin's 
furnace. This is partly around the mountain to the north and west, 
and although the iron-bearing layers are somewhat confused, their dip 
is to the east very sharp, or 70® to 80®, thus pitching under the 
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mountain and the Old Ore Hill. The dolomite, " white horse/' and 
mica-slate still form the body of the strata, with felspathic clay, 
ochre, and iron ore. 

Below is a bed of limerock of a dark color. Travelling northward 
along the western base of the range, near the Massachusetts line, at 
Boston Comers, the same ore is mined to a limited extent. President 
Hitchcock (jVIass, Reports, p. 673) says the limestone here alternates 
with argillaceous slate, containing organic remains 5 the whole dipping 
rapidly, say 80° to 90°, to the east. At Copake, still farther north, 
the ore is interstratified with mica-slate above the ore, and limerock 
below, all pitching eastward beneath the mountain. 

Before noticing the hematite deposits farther north, in Massachusetts 
and Vermont, I will repeat President Hitchcock's general sections of 
the rocks of the Green Mountain range in Massachusetts. 



East and west profile near the 
south line of Massachusetts. 
Dip east 60« to 90«. 


East and wst profile near 
Richmond, Mass. Dip east 
60*'to80«>. 


East and west profile near the 
north line of Mass., Saddle 
Mountain. Dip east 50° to 80<» 


1. Argillaceous slate in 


1. Argillaceous slate. New 


1. Argillaceous slate, 


New York. 


York. 


New York. 


2. Blue limerock. 


2. Limerock, bluish color 


2. Wanting. 


3. Talco-micaceous schists, 




3. Talco-micaceous schist, 


Mount Everett. 


No. 4 slate line. 


slate linev 


4. Crystalline dolomite, 


3. Talco-micaceous schist. 


4. Crystalline dolomite, 


Sheffield, 10 to 12 ms. 


Lenox. 


Williamstown. 


broad. 


4. Crystalline dolomite. 


5. Talco-micaceous schist, 


5. Micaceous schist. 


5. Wanting. 


Saddle Mountain. 


6. Wanting. 


6. " 


6. Crystalline limerock. 


7. Quartz rock (Potedam)? 


7. Quartz rock. 


North Adams. 


8. Crystalline limerock, N. 


8. Gneiss. 




Marlboro. 


• 





The ore beds are thus seen to be everywhere conformable to the 
other strata of the range. At West Stockbridge, Lenox, Richmond, 
and Great Barrington, in Massachusetts, the best developed mines are 
found at the junction of the micaceous bed, No. 3, and the dolomite, No. 
4, which is the position of the Chatfield Old Ore Hill, and Dorr's Banks, 
in Salisbury. The ore at Dakin's, Boston Corners, and Copake, in New 
York, skirts the edge of the blue limerock, N"o. 2, and corresponds 
with the position of the Vermont mines. 

VOL. XVI. 14 
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Throtigli the Salisbury mines the section is the same as Kos. 1, 2, 3, 
4, and 5 of the most southerly profile in Massachusetts, the broad belt 
of crystalline limestone, No. 4, filling the valley of the Housatonic 
It carries small crystals of sulphuret of iron, and also the proto»de of 
iron, amounting, according to President Hitchcock, to four and one 
half 'per cent. In general, the limestone of the Green Mountain range 
shows disseminated iron. At Salisbury and Great Barrington there 
are limited quantities of pyrites in the mines. 

The blue Umerock, Ko. 2, and the white, No. 4, extend northerly into 
Vermont ; but heavy masses of ore have not been developed in them 
in the north-western part of Massachusetts. 

After the slate line is passed, along the western base of the range in 
Vermont, the hematites reappear in large bodies, having the same 
geological relations as farther south, — the dip of the strata being uni- 
formly east. There are workable mines at, or near, Bennington, 
Dorset, Chittendon, Pittsford, and Wallingford. At North I)orset> 
according to the late Prof. C. B. Adams, the layers of clay, ochre, ajid 
hematite, of the Laconic Mountain, are repeated with an inclination 
12"* east. At Pittsford they are steeper, or bB° to 60° inclined in the 
same direction. 

The Chittendon mines, in Eutland County, present the same bands 
of quartz, clay, ochre, and hematite, in contact with talcose slate and 
limestone, pitching irapidly east (Vermont Reports). This ore carries 
a large proportion of manganese like many other mines of the Green 
Mountain and Taconic range. At Wallingford, the iron belt is two 
hundred and fifty to three hundred feet thick, resting upon limestone, 
with a dip to the east of 60°. The Brandon mine, in Rutland County, 
which has become famous on account of its lignites, and recent vege- 
table fossils, presents no exception to the system of hematite beds. I 
have dwelt upon the local sections of these mines, because it is not 
many years since they were considered as belonging to the tertiary. 
The information we now have makes them, beyond controversy, a 
part of the Green Mountain system, which is generally considered 
as the metamorphosed condition of those level silurian beds next 
above the Potsdam. The iron ores thus belong to the upper part of 
the ** Quebec Group " and the lower portion of the ^' Trenton Group '^ 
of the Canadian Reports. Those eminent geologists, who first studied 
the hematites of this range, were quite unanimous in regarding them 
as the result of very recent geological changes, probably because the 
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ore is a hydrate, and its surface associations are drift gravel and clays. 
The singular discovery of fossils of the present era, in this ore at 
Brandon, gave new strength to this theory. But more recent investi- 
gations show that hematite is not necessarily of sedimentary origin. 
Hydrates are common in rocks which are still regarded as igneous. 
Throughout the masses of specular ore, in Marquette County, Michi- 
gan, are large bunches of hematite, so extensive as to form a material 
part of the ore now mined. Hematites are too extensive and too far 
below the surface to admit a general theory of recent and local changes. 

Depth has disclosed no modifications in the ores of the Green Moun- 
tains ; and sincQ these beds were subject, on account of their softness, 
to great destruction by the drift forces, the bottom of the present mines, 
in some places more than one hundred feet down in ore, must be re- 
garded as much more than that distance below the original surface. 
The causes which concentrated the ore along this line of several hun- 
dred miles, everywhere in contact with metamorphic limestone, must 
have been universal and not local. Iron in some form exists in all 
rocks. The limestone beds of the* Clinton and the Hudson Eiver 
group are charged with it, especially near their junction, where the 
oolitic or dye-stone ore is generally found. If these strata should under- 
go a molecular change, whatever the agent might be, it must act, at 
the same time, as a concentrator of their mineral contents. In this 
action, limestone seems to be an almost necessary medium or facilita- 
tor. The belief in a wide-spread, almost an universal, metamorphism 
of the rocks is rapidly gaining ground. In this mysterious but 
acknowledged force, which produces a new crystalline arrangement, 
have we not all the required agencies to produce masses of any min- 
eral which existed in the strata prior to the change ? Is not something 
more necessary to account for these results, — some cause more univer- 
sal than local chemical action ? 

In a practical point of view, this hasty grouping of our most promi- 
nent iron mines demonstrates a capacity of production in this country 
which has no parallel in other nations. 
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3. CONSIBERATIOKS EeLATING TO THE ClIMATB OF THE GliACIAL 

Epoch in North America. By Edwabd Hungerfobd, of 

Burlington, Vt. 

The considerations here presented relate more particularly to the 
climatic influence of an extended accumulation of snow and ice in the 
higher latitudes, such as the glacial hypothesis supposes to have once 
existed. 

1. Such a snow mantle, gradually extending itself into more south- 
ern latitudes &om the north, presupposes the successive introduction 
of a diminished summer teinperature into each such latitude. 

2. A depression of the drift area would restrain the extremes of sum- 
mer temperature, rendering the climate more insular, and might, 
under a rearrangement of the northern marine currents, diminish the 
mean temperature of that season of the year.* 

3. But the fact that glacial markings are found at all elevations, in 
the low valleys as well as in the higher regions, renders it prohahle 
that, during the period of accumulation of the snowy mantle, the con- 
tinent was at least as high as at present ; for the ice-cap and its mark- 
ings could not he formed over portions covered hy the sea. The 
diminished summer temperature of that period, therefore, if not pro- 
duced by a cosmical cause, was the result of an elevation of the north- • 
ern latitudes, or of some portion of them. A depression of the summer 
temperature, from this cause, would not be accompanied by a fully 
corresponding depression of the winter temperature.f 

4. A glance at the present arrangement of the lands in the north 
polar regions of the continent suggests that a moderate elevation of 
those lands, above their present level, would produce very great climatic 
changes by establishing continuity between the at present numerous 
detached, insular masses, thereby excluding the oceanic waters from 
northern bays and straits. Such changes might be sufficient greatly 
to extend the area of perennial snow in that section, and to initiate a 

♦Iceland and the interior of Norway, between the 60° and 62° parallels hare 
nearly the same mean annual temperatyre, but the summer temperature is lower 
in Iceland, and the snow line is much lower than in the interior of Norway. 

t'This follows from the considerations advanced in paragraphs ( ) and (2) 
imder 6, which apply equally to the latiiudes under consideration, in winter, at the 
present time, and under their present ^evation. 



GEOLOGY JLSJy lUNEBAliOGT. 109 

process whicli should result'in the glaciation of even the lower northern 
latitudes, without necessarily involving any very extended upheaval of 
the earth's crust in those lower latitudes. Eor, the process of snowy 
accumulation having heen once begun in the extreme north, it is to be 
remembered that the direct climatic influence of every one hundred feet 
of such accumulation would be fully equal to the same amount of up- 
heaval of the territory over which the accumulation takes place. The 
result will be to still further depress the summer and, to some extent, 
the winter temperature, and to provide for the further extension pf the 
snow line southward. So long as the snow or ice-cap continues to be 
built up, so long^he consequent climatic changes will extend south- 
ward, until some great reactionary cause is introduced. There would 
thus be developed the vast frozen mantle which the glacial hypothesis 
contemplates, — an elevated plateau of snow and ice extending over 
the present drift regions. 

5. The frigorific effects of such a gradually extending accumulation 
of snow and ice, having a thickness of several thousand (from five thou- 
sand to possibly ten thousand) feet, may be noted as follows f — 

(1.) The northward moving warm currents will be partially deflected 
by the icy barrier against which they impinge, thereby depriving the 
area to the northward of their influence. 

(2.) The same warm currents will be partly elevated along the slope 
of the glacier front, and by the process of elevation their temperature 
will be depressed. 

(3.) Consequent upon this loss of heat by elevation, as also upon that 
by contact with the glacier front, come loss of aqueous vapor and 
heavy precipitation along the outer margin of the ice cap. Such south 
winds, penetrating into the interior, will thus become comparatively dry, 
whrle the still colder and dryer north winds have free sweep over the 
plateau. . Such dryness of the atmosphere facilitates radiation from 
the underlying surface, and becomes an important additional cause of 
cold.* 

(4.) The direct radiation from the aqueous vapor of the atmosphere, 
the pouring of its own heat into space, is facilitated at such elevations 
by the absence of a superior stratum of vapor which would act as a 
screen, preventing radiation. At lower elevations such a screen of 
vapor still exists above the stratum of air next to the earth's surface.f 

* See Tyndall's experiments on absorption of heat by aqueous vapor. " Heat 
a. Mode of Motion. Lecture XI." 
t See the same work, pages 402 and following. 
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6. To these climatic effects more directly arising from the elevation 
of the plateau, we have still to add those which spring from the pecu- 
liar nature of a snowy surface, and which bear in the same direction 
towards the reduction of temperature. 

(1.) The reflecting power of a snowy surface, by virtue of which it 
turns back the sun's rays into space, would deprive the earth of an 
immense amount of heat, which would otherwise go to temper the cli- 
mate. 

(2*.) In a region free from snow, the heat which is not reflected is 
absorbed in vast quantities, to be again radiated from the earth, and to 
temper the climate. The bare earth serves as a great storehouise of 
heat. But* owing to the low conducting power of snow, the larger 
portion of that heat which is not reflected from its surface is applied 
first to raise the temperature of the superficial snow only so far as to 
32^, and then to convert it (if there be so much heat) into water which 
flows away, bearing its heat, thus obtained, into distant regions. Cold 
northerly winds blowing over such a snow-covered terrace, would, 
therefore, miss the moderating warmth that comes from a reservoir of 
heated land. 

7. All the above considerations, it will bd seen, point .to the prevcu- 
l&rtce of a severe climate over the snow-covered country. To the 
usual effects of elevation, we have added, in this case, the peculiar 
effects flowing from the material comprising the plateau. Under the 
combined operation of these various causes, we may be justified jn 
assuming that, at a distance not very remote from the southern margin 
of the ice-mantle, a climate of great severity would prevail throughout 
the entire year. This result accords also with the natural inference 
that the existence in the lower drift latitudes of a temperature suffi- 
ciently low to admit of prevailing perennial snow in them, as it 
involves the supposition of a severer cold for each successive latitude, 
in passing northward, must result, over a large portion of the territory 
back from the southern margin, in a rigorous winter temperature, even 
in our summer months, while the winters themselves would be periods 
of intense cold. Manifestly in the case before us the rapidity of 
diminution of temperature, or the difference of climate in passing 
northward, would be determined by the combined influence of differ- 
ence of latitude, and of elevation of the snow plateau. 

8. The confessed influence of temperature on the rate of glacier- 
motion gives importance to these considerations, on account of their 
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bearing on the motions of a continental glacier. The prevailing se- 
vere cold of the interior regions would be prejudicial to motion, and, 
without a favoring general slope of the country in one determinate 
direction, might even limit the motion to simple, irregular, local 
adjustments of equilibrium in the glacier mass. 

On the southern margin, however, the two favorable conditions of 
glacial motion would always be realized. Here the climate would be 
comparatively mild, while the elevation of the glacier's front would 
itself be equivalent in effect to a sloping surface*. The abundant 
snowy precipitation in the higher regions would supply the loss from 
melting in the lower. 

9. Each successive belt of the present drift country would be twice 
subjected, for a long period, to the influences of glacial motion ; once 
during the development of the snow mantle, southward, and once dur- 
ing its final retreat northward. 

10. We are thus furnished with the means of accounting for all the. 
erosive glacial phenomena, as well as for the transportation of the 
nearer drift and for the residual moraines, without resorting to a general, 
simultaneous, southward movement of the glacial mass throughout its 
entire length and breadth. . 

For the transportation of the remoter drift the agency of icebergs 
and ice-rafts would seem necessary.* 

* As this paper relates particularly to the climatic effects of the hypothetical snow- 
mantle itself, it was not thought necessary to introduce the very obvious consider- 
ation, that such an immense accumulation from atmospheric precipitation, as it de- 
mands, on the one hand, a good condenser, requires, on the other, a heated reser- 
voir of water, from which the aqueous vapors may be derived, — a consideration 
which strongly militates against the extreme southern extension of the ice period, 
or of continental glaciers, by Mr. Agassiz. It is in those southern regions we must 
suppose such reservoirs to have lain. 
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4. EiPTON Sea Beaches. By Edwabd Hungebpobd, of 
Burlington. Vt 

(abstbact.) 

In this paper the author gives detailed evidence of the aqueous ori- 
gin of these deposits which occupy the sides of the pass through the 
Green Mountains, in Vermont, through which runs the road from 
Bipton to Hancock. The deposits are elevated 2,196 feet ahove the 
sea on the western slope of the mountains. Drawings of the terraces 
were exhibited, and a section showing three or four terrace levels, one 
ahove the other. The configuration of the country is unfavorable to 
the accumulation of any large body of fresh water in this vicinity. 

The existence of such elevated terraces, in connection with other 
facts, leads the author to infer that, subsequent to the true glacial 
epoch, the country was submerged to, at least, the level of these ter- 
races. His views upon this point were stated as follows ; — 

Accepting the possibility of such a climatic change as should result 
in the formation of an ice-cap over the northern portions of the conti- 
nent, it is contended that the rigors of the fully-established winter, 
combined with the absence of any favoring slope, render the assumption 
of a general, simultaneous movement of the glacial mass in one direc- 
tion a too doubtful one, that it should be relied on to account for the 
transportation of the boulder drift to distances of hundreds of miles 
from the parent rock. 

On the other hand, the milder climate which would obtain on the 
southern, or seaward marg^, of such a glacier, coupled with the slope 
of the front of the glacier, or with its unsupported face, would secure 
an abundantly free motion throughout a certain belt on the outer bor- 
der. This moving belt would have its waste supplied by the heavy 
precipitations of enow upon the higher regions of the belt, which repre- 
sent the neve regions of present glaciers. 

During the advance southward, and during the final retreat north- 
ward of the great glacier, each successive belt of country would in 
turn be twice subjected to glacial erosion. The drift material would 
also, by this means, be transported to a limited distance, w^hile for 
transportation of the remoter drifb, as well as for the explanation of 
other phenomena, and especially the lower modified drift and the 
higher sea-beachesi a gradual submergence of the still ice-covered con- 
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tinent is necessary ; and to such submergence the return of a milder' 
climate may be ascribed. 

In the progress of such a secular submergence, the sea would ber 
brought in contact with successiv^e portions of the great ice-belt, and 
icebergs of colossal extent would be set afloat all along the border of 
the glacier, which is constantly pushing itself forw-ard into the ocean. 
Immense ice-fields, grinding upon the bed of the ocean, and on the* 
coast, would still keep up the degradation of rocks, and of loose mate* 
rial, the finer portions of which would be partially distributed by Cur- 
rents, Such icebergs and ice-rafts would furnish the means of trans- 
portation to any distance. 

As the ocean continued to encroach upon the land, the line of ther 
ice-mass would become broken by deep indentations, which might 
account for (some) deflections in glacial striae ; the direction of flow, itf 
such cases, being turned locally toward the nearest sea. 

It is not necessary to follow out the details of this process. Long' 
after the seas, in lower latitudes, had become partially freed from ice, 
the ice-barrier in the north would still send down its ice-fields ancf 
bergs, the later continuation of which process is still going forward 
upon our eastern coast. 

Upon the re-emergence of the continent, the originally deposited 
drift would be, in part, remodelled by the waves. Smaller boulders^ 
would be rolled and the striations often removed, while partially or 
completely stratified deposits of finer material would be accumulated 
in favorable localities. * The earlier periods of this emergence are* 
marked by the elevated beaches. The later ones are represented by 
the Ghamplain clays and sands with their marine shells of recent spe- 
cies. 

The events here enumerated succeed each other in tine following: 
order : — 

1. The formation of a continental glacier, to whose partial and? 
limited movements are due the erosive phenomena and the transpor-- 
tation of the drift over limited areas. 

2. A depression of the continent, bringing the ocean in contact with 
the long glacial border, which, in its retreat, sends off icebergs and ice- 
rafts into the ocean. To these are attributed the further work a( 
transportation of detritus and boulders. 

3. Emergence of the continent, the higher beaches marking the 
earlier, and the Ghamplain terraces the lower stages of this process. 

VOL. XVI. 15 
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help to show by the dip of the rocks and the lay of the ground some- 
thing of tlie probable size of such a deposit, and in which direeti<Hi 
a solid bed of ore might be looked for. The solid beds of ore may, 
however, be much less regular in thickness than the beds of iron ore 
of later age, and very likely resemble in this respect the early beds of 
magnetic iron ore. 

The supposition some hare entertained that these lumps of ore are 
derived ffom the percolation through the loam of water charged with 
iron dissolved out of rocks that contained iron in the form of iron 
pyrites or otherwise, and that the lumps are therefore concretionary in 
origin, and the result of a segregation so thorough that it sometimes 
leaves white clay or sand in contact with the ore, has more than one 
difficulty. The lumps are commonly not of the shape of concretions, 
for these must be more or less rounded or nodular, as they are formed 
about centres, and they could never be irregularly angular. The coal 
measure nodules of iron ore are placed also with a certain regularity 
in the slates where they occur, and not a trace of any such regularity 
is found in the lower silurian lump deposits. It seems hard, too, to 
conceive of so complete a segregation as would be necessary, in loose, 
gravelly loam ; and it would be more natural to expect that iron- 
bearing waters, in soaking through such loam, would form an iron ore 
comparatively homogeneous, but mixed throughout, with the impur- 
ities of the loam. It would seem, rather, as if the effect of the per- 
colation of the water in these deposits had been commonly to give 
a ferruginous covering and character (taken from the ore) to the 
materials of the loam when they came from rocks that did not have 
that character. 

The strength of the argument furnished by these Smyth "County 
ores depends in a measure upon the accuracy of the survey ; but al- 
though this was but rough, the limits of error in each cross section are 
so small compared with the distances apart of the different beds that, 
in a similar case, the identity of coal beds exposed on opposite sides 
of a saddle or basin would be quite undoubted, and the uniformity in 
these distances over a space of several miles is even surprising. The 
correspondence of the beds in the different cross sections is, however, 
somewhat less certain in some parts. On one section the outcrops 
of the four beds are exposed on each side of the northern saddle, and 
probably the three upper ones are exposed on the north side of the 
southern saddle j then on a section about two miles to the east, 
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the three lower beds seem to be exposed on the north side of the 
southern saddle ; and on a section two miles and a half still further 
east the upper and lower beds seem to be exposed, also on the north 
side of the southern saddle. A little allowance must be made in two 
or three of these places for the slipping of the ore lumps down hill 
from the real outcrop of the solid ore bed. The exposures marked in 
these sections are almost all very near to the section lines, so that 
there can be no appreciable error from any possible slight mistake in 
the direction of the strike, in projecting the exposures upon the sec- 
tions ; and, with occasional small allowances for slipping of the ore 
lumps down hill, all the other exposures observed correspond well with 
the theoretical outcrops of the four beds. 



6. On Recent Geological Discoveries in the Acadian Prov- 
inces OF British America. By J. W. Dawson, of Mon- 
treal, Canada. 

Cabstract.) 

The object of the paper was to notice some recent discoveries which, 
though of interest, might have escaped the notice of members of the 
Association. • 

In New Brunswick, the older rocks in the vicinity of the city of St. 
John have been reduced to order, and their probable ages ascertained, 
principally through the labors of Mr. Matthew, Mr. Hartt, and Prof. Bai- 
ley. The first step toward the knowledge of their precise date was 
the discovery of a rich land Flora in some of the upper beds, next 
below the lower carboniferous rocks which overlie them unconform- 
ably. These fossil plants I was enabled to recognize as of the Devo- 
nian period, and the zealous researches, more especially of Mr. Hartt, 
have brought to light no less than forty to fifty species, or half of the 
whole number known in the Devonian, of Eastern America, as well as 
six species of insects, four of which have been described by Mr. Scudder.* 
These insects are the first ever found in rocks older than the carbonif- 
erous. 

These rocks, consisting chiefly of hard shales and sandstones, hav- 
ing been ascertained to be Devonian, there still remained an im- 

* Canadian Naturalist and Qeologist, 1867. 
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mense thickness of underlying rocks of uncertain age. In the upper 
memher of these rocks the same active observers already mentioned 
have discovered a rich primordial fauna, embracing species of Conocephar- 
lites, ParatdoxideSj Mtcrodiscits, and Agnostus, as well as an Orthis and 
a new type of Cystidian. These fossils are regarded by Mr. Hartt and 
Mr. Billings, as of the age of Barrande's " Etage C," and as marking a 
new and older period of the "Silurian Primordial " than any other as 
yet recognized in America, with the exception of the slates holding 
Paradoxides in Massachusetts, and the similar slates of the *' Older 
Slate Formation " of Jukes in Newfoundland. Descriptions- of these 
fossils, by Mr. Hartt, will be published in the edition of Acadian geol- 
ogy now in press. It is proposed to call this series, represented in 
Kew Brunswick by the St. John slates, the Acadian Series. 

Below these primordial beds are highly metamorphosed rocks, at 
least nine thousand feet in thickness, which have not afforded fossils. 
A portion of these beds, consisting principally of conglomerate and 
trappose beds, is regarded by Messrs. Matthew and Bailey as of the age 
of the Huronian. The remainder, containing much gneiss and a bed of 
crystalline limestone, they regard as Laurentian. If this view is cor- 
rect, and it certainly seems to be probable, these rocks, thus rising 
through the oldest members of the lower silurian, and forming a step- 
ping-stone between the Laurentian of Newfoundland and that of New 
Jersey, show that the foundations of the north-east and south-west line 
of the east side of North America were already laid in the Laurentian 
period. Still, it is not here, but farther west, that we are to look for 
the dividing line between the great inland silurian basin of America 
and that of the Atlantic coast, the latter, as has been pointed out by 
Prof. Hall and Sir W. E. Logan, so remarkably distinguished by the 
predominance of mechanical sediments, and by a development of the 
lower, rather than the upper members of the lower silurian. 

To ascend from these rocks to the carboniferous : jecent labors of Mr. 
Davidson, Mr. Hartt, and the author had led to the division of the 
lower carboniferous into successive subordinate stages, and to the deter- 
mination of most of the marine fossils, and also to the explanation of 
the curious and apparently anomalous fact that some forms allied to 
Permian species actually exist in the lower carboniferous, under the pro- 
ductive coal measures. These researches had also shown that no dis- 
tinction into sub-carboniferous and carboniferous proper can fairly be 
made in Nova Scotia, notwithstanding the grand development of the car- 
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fconiferous in thickness. After noticing the large advances made in 
the fossil botany of Nova Scotia and New Brunswick, the paper referred 
to the discovery by Mr. Barnes of two new species of insects, and to 
the discovery by the writer of a new pulmonate mollusk described by 
l)r. P. P. Carpenter as Conulus Pi<scus. There are thus in the coal 
formation of Nova Scotia a Pupa and a Gonultcs, or Zonites, generically 
allied to living pulmonates, and representing already two of the prin- 
cipal types of these creatures.* 

Specimens of these fossils were exhibited, and also specimens and a 
photograph of the Lauren tian fossil Eozoon Ganadense, more particu- 
larly mentioning the specimen recently found by the Canadian survey 
at Tudor, which shows this organism *in a state of preservation com- 
parable with that of ordinary silurian fossils. 



7. The Winooski Marble op Colchester, Vt. By 0. H. Hitchcock, 
of New York, N. Y. 

■ ^ ■] • (abstract.) 

The Winooski Marble Company hold a property of five hundred 
and ninety- six acres five miles distant from Burlington, upon which 
are exposures of a variegated marble well situated for working. The 
rock is a dolomite, containing twenty per cent, of silica, alumina, and 
iron. Some of the varieties exhibit nodules of calcite enclosing 
quartz, evidently formed like concretions. When present these small 
nodules render the stone harder to saw than the common marbles, 
rendering its cost about one third greater. The colors are various 
shades of red, chocolate, and brown, with patches, *nd irregular lines 
of white. These colors adapt the marbles to match with the modern 
style of furnishing houses better than the white and clouded varieties. 
Stones somewhat like this are common in Europe, but, being of jasper 
or porphyry, are very much more difficult to work. Slabs twelve feet 
long can be obtained of the Winooski marble, and of three feet or 
more in thickness. No work is now being done upon the property. 
The rock is of the same age with the red sandrock of Burlington, or 
the Lower 'Potsdam, at the base of the Lower Silurian. The slaty 
layers above are characterized by the presence of OleneUus Thampsoni 
and 0. Vermontana. 

. * Acadian Geology. Second edition. 
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8. Thb Geology of Vermont. By C. H. Hitchcock, of New 

York, N. Y. 

(abstract.) 

The Final Report upon the Geology of Vermont, published by the 
authority of the Legislature in 1861, contains all that was known of 
the rocks of the State down to that period. Since then the age 
of many of the groups has been determined more satisfactorily. 
The grouping of the formations upon my geological map in the 
Report, as "Upper Silurian" and "Mostly Devonian" were typo- 
graphical errors. We should flow employ the following schedule of 
rock formations in the State. These were exhibited upon a colored 
map of the size of the large map of Mr. Walling. 

UNSTRATIFIED ROCKS. 

Granite, syenite, protogine, with the traps and porphyries. 

EOZOIC SYSTEM. 

Laurentian gneiss of West Haven and the Green Mountain gneiss. 

PALEOZOIC SYSTEM. 

Lower Silurian. 

1. Potsdam group — including the red sandrock, part of the " Hud- 
son Eiver " slates, part of the Georgia slate, most of the quartz rock, 
and the Potsdam sandstone of West Haven. 

2. Calciferous sandrock. 

3. Levis group, including the " Eolian limestones," " Hudson 
River" limestones, "and the greater portion of the Georgia slate. 

4. Lauzon group, including most of the "Talcose conglomerate," 
" Talcoid schists," and part of the Talcose schist. 

6. Sillery group, the upper part of the Talcose schist. The Mica 
Schist is 3, 4, or 5. 

6. Chazy, Birdseye, and Black River limestones. 

7. Trenton limestone. 

8. Utica slate. 

Upper Silurian. 

1. Calciferous mica schist. 

2. Clay slates of EastVermont (?) 
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Devonian, 
Upper Helderberg limestone (?) 

Gcenozoic* 
Miocene, tertiary, and alluvium. 

The Green Mountain gneiss enters the State from Massachusetts on 
the south and passes into Canada, following the course of the Green 
Mountains. Its gneissic cliaracter is often very obscure. Our sections 
give the formation an anticlinal structure, sometimes an overturn. 
In calling it Eozoic, we do not necessarily regard it as older than the 
Cambrian or Huronian. The following considerations render its Eozoic 
age probable. 

1. The rock is on the line of the continuation of the Laurentian of 
New Jersey and Eastern New York, as confirmed by the recent obser- 
vations of Sir W. E. Logan and Prof* James Hall, Between its known 
occurrence, in New Jersey, intervenes only the Hoosic Mountain range 
in Massachusetts and Connecticut. At one place the continuity of 
outcrop is interrupted by overlying limestones of the Levis group. 

2. It exhibits generally an anticlinal structure. In Massachusetts, 
this may be. observed at the Hoosic Tunnel. In Vermont upon sec- 
tions Nos. 2, 4, 5, 9, 10, 10a, 11, and 13. In all the others the strata 
dip uniformly in one direction, and part of the formation must be 
inverted. According to the Canadian reports, in three sections across 
the continuation of the Green Mountains, "the strata have beisn 
observed to maintain dips generally at high angles in opposite direc- 
tions from the axis of the mountain, with much constancy, for upwards 
of twenty-five miles." 

The anticlinal structure is further proved by the repetition of the 
supposed Potsdam and Levis rocks upon both sides of the central- 
gneiss, at Wallingford and Plymouth. 

3. The Potsdam rocks flank the gneiss upon the west side as far 
north as Middlebury. If the gneiss were the sillery sandstone, as has 
been claimed, this quartz rock ought to belong to the Lauzon group, 

But upon following the quartz rock northerly it is seen to terminate 
at Starksboro, near which termination it presents many of the charac- 
ters of the red sandrock or Lower Potsdam, extending to Starksboro 
from Highgate. The quartz rock is probably the same with the red 
sandstone, as both are overlaid by the Levis limestone and resemble 

VOL. XVI, 16 
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each other much, near their supposed union. I find this view of 
the identity of those two Ibrmations confirmed by the late map 
of the Canadian survey, published in 1866. 

4. A conglomerate at the base of the Potsdam (quartz rock) con- 
tains pebbles derived from the gneissic rocks. At the western border 
of the gneiss there appears in Stamford, Sunderland, and Bipton 
a peculiar granite whose constituent quartz is blue, amd I have seen 
nowhere dse a granite of this character. The conglomerate witb 
pebbles of blue quartz has been observed at Sundei^land, E. Walling*- 
ford, Pittsford, and in boulders about Rutland. The Wallingford rock 
contains also pebbles of gneiss. These examples appear to prove that; 
the granite existed before the deposition of the Potsdam, and if older^ 
it is probably Eozoic. A conglomerate perhaps of the Lauzon group, in 
Lincoln, also contains pebbles of blue quartz. 

By recent observations the members of the so-called Taconic system 
appear to be of lower silurian age. By following their distribution 
northerly, the probable equivalency of the various members- may be 
made out. The typical localities for this system were largely kv the 
south part of the State. The **«Graaiular Quartz,'' by our observations^ 
appears to belong to the Potsdam group ; the ^^ Stockbridge lime- 
stones " (Eolian) belong to the Levis or Philipsburg limestones ; the 
**magne»ian slate," to the Lauzon group; the "Taconic" ancJ "Roof- 
ing slate," in part to the Levis and in part to the Potsdam series. 
The "Black slate" seems to have been properly located beneath 
the ordinary Potsdam sandstone. Thus as the system is chiefly Lower 
Sihirian in character, it does not seem best to retain* the name of 
Taconic for that portion which alone belongs to the position assigned 
by Prof. Emmons. The reference of trilobites like Olenus and Para/- 
doxides to a system of rocks older than those containing Asaphics^ svnd 
Trinttcleus was first made by Emmons. Hence although he insista 
that the red sandrock of Vermont is newer than Taconic, if the name 
be retained^ it should be applied to the formations called locally the 
St. Johns groups of Newfoundland and New Brunswick, the Bradntree 
slates of Massachusetts, and the Lower Potsdam of Vermont. In no 
case, however, can a Taconic group be legitimately correlated with the 
Huronian of America or the Cambrian of Europe. It should, on 
paleontological grounds, be regarded as a subordinate part of the 
Lower Silurian system. The few simple fossils of the Cambrian ally it 
with the Lauren tian under the general designation of Eozoic. 
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9. Explanation op a Geological Map of Maine. By C. H. 
Hitchcock, of New York, N. Y. 

(absteact.) 

The results obtained during the progress of the Maine Scientific 
Surrey in 1861, 1862, have been embodied in a large map, the prop- 
erty of the Legislature, By the permission of the executive officers of 
that State, the map was exhibited to the Association. Oneissic rocks 
with granite and patches of schist and limestones, occupy the hilly 
parts of York, Cumberland, and Oxford Counties. This is the remotest 
extension of the White Mountain series. The same appear in great 
arfiount along the coast, including the area twenty miles back, be- 
tween Portland and the Penobscot River. Between those gneissic 
masses commences a mica schist, extending north-easterly into New 
Brunswick. Where it crosses the Penobscot River, it occupies the area 
between Med way and Bucksport. At the eastern State line it is nar- 
rower, including Orient, Amity, and part of Hodgdon. In Hancock 
County, a range of granite commences at Mount Desert Island and 
extends north-easterly, entering New Brunswick with the entire width 
of the Eastern Schoodic Lakes. Another development of mica schist 
appears on the south of the granite, followed in the south-east part of 
Washington County by smaller deposits of flinty slates, the Lower 
Helderberg, Upper Devonian, and by great masses of trappean rockp. 

The northern part of the State is sparsely settled, and it is not 
everywhere easy to trace out the strata. But it is in this section that 
the greatest number of fossils are found. A wide formation of clay 
slate succeeds to the great central* belt of mica schist. One like it 
reappears on the Lower AUeguash waters and the St. John River above 
the Great Falls. This is also underlaid by the Quebec group along the 
Canadian border. The northern part of the State, from the distribu- 
tion of these two groups, would appear to form a great- synclinal basin, 
holding at various parts of its surface a long area of Oriskany sand- 
stone, Cauda-Galli grit, and various fossiliferous Upper Silurian and 
Devonian strata. The clay slates about Waterville contain fine exam- 
ples of Nereites and Myrianites, The Port Daniel limestone of Lake 
Sedgwick has afforded a fine series of trilo bites and brachiopods. The 
surface geology of Maine is remarkably interesting. Examples of local 
glaciers, and thirty-four "eskers," or " horsebacks," have been described. 
The cJiief exnorts of mineral wealth are ^ranite and lime. 
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10. -The Distortion and Metamorphosis of Pebbles in Con- 
glomerates. By C. H. Hitchcock, of New York, N. Y. 

(abstract.) 

At the Newport meeting of this Association I presented many facts 
relating to the distortion of pebbles in the conglomerate near that city, 
under the title, " Geology of the Island of Aquidneck." Since that 
time my father has described other localities, in his Final Report upon 
the Geology of Vermont, where he takes the ground that conglomerates 
may become altered into schipts so completely that the original struc- 
ture will be obliterated. I have treated of the same subject fully in 
my Preliminary Report upon the Geology of Maine, 1861, and in my 
two reports upon the geology of that State have described four new- 
localities, one of which, in Sandy River Plantation, exhibits the 
phenomenon of distortion in great perfection. All these matters were 
fally treated in the paper read before the Association, but I will present 
for publication only some facts on this subject obtained from European 
authorities. 

There are other phenomena analogous to the distortion of pebbles. 
First, I refer to the distortion of fossils. No better illustration cati be 
given than the grotesque and varied forms of the trilobite, Angelina 
Sedgwicid, Some have lain across, some along, and some oblique to 
the clearage of the slate, and a compressing force has distorted them, 
so that it is rare to find one showing the normal shape. 

Secondly, the microscopic examination of slates has shown an elon- 
gation and flattening of particles within them. Tyndall refers to two 
examples, the German razor stone and the greenish spots in writing 



In the Royal Museum of Economic Geology at Jermyn Street, 
London, are two examples of the distortion of pebbles by pressure. 
The first is a collection made by Mr. Salter of quartz stones, " which 
have been subjected to enormous pressure in the neighborhood of a 
fault. These rigid pebbles have, in some cases, been squeezed against 
each other so as produce mutual flattening and indentation. Some of 
them have yielded along planes passing through them, as if one-half 
had slidden over the other; but the reattachment is very strong. 
Some of the larger stones, moreover, which have endured pressure at 
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a particular point are fissured radially around this point." The other 
example is of stones in a Permian conglomerate, and the following is 
Prof. Ramsay's description of them. The *• component stones are 
often from three to nine inches in diameter, and where they touch in 
the rock they are not scratched, but indent each other at the points 
of contact; the indentations being due to the fact that, while those 
gravels were still incoherent, over great areas, the upper parts of the 
New Red Series, the Lias, and perhaps other newer strata, were piled 
upon them, and the vertical pressure consequent on this vast super- 
incumbent pile induced a lateral pressure in the loose-lying pebbles of 
the conglomerate ; so that being squeezed, not only downwards, but 
outwards, they ground on each other, and, perhaps partly by the aid of 
intervening grains of sand, circular indentations were formed some- 
times an inch in diameter. Some of them are fractured and re-ce- 
mented. The fractures were produced by pressure, generally dose to 
faults." 

Very recently H. C. Sorby, Esq., F. R. S., of Sheffield, England, has 
made an important suggestion upon the mutual interpenetration of 
pebbles of limestone in the conglomerate of the Kagelflue in Switzer- 
land, which enables him to account for the phenomena without invok- 
ing the aid of plasticity. The case seems to be one where there is 
simply an indentation, without elongation or flattening. We doubt 
whether the phenomena observed in America can be explained with- 
out plasticity, but desire to adopt the principle, and explain all the 
appearances by it, if possible. 

Mr. Sorby writes, " All previous writers had attempted to explain 
the impressions in the pebbles either by mere mechanical or simple 
chemical action, localized by mechanical conditions. The facts point 
so strongly to both agencies, that it is easy to understand why the 
opinions ever varied between the two extremes ; and it now appears to 
me astonishing that no one was led at an earlier period to sug^gest 
a correlated action of both. At the same time we must admit that a 
large part of those who have studied the question did so before the 
doctrines of the correlation and conservation of force were generally 
admitted or understood. It is mainly as an illustration of the applica- 
.bility of such principles to geology that I have been led to draw atten- 
tion to the impressed pebbles. 

"In the case of the majority of substances mechanical pressure' 
increases their solubility. For example, if a crystal of common salt 
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is placed in a perfectly concentrated solution, so that no more would 
Jbe dissolved under the ordinary pressure, on applying to the solution 
a pressure o^ for example, a thousand pounds to the square inch, and 
maintaining it for a sufficiently long time, more salt is dissolved, and 
is again deposited on removing the pressure. I also found that a glass 
rod with a small, round termination, pressed with a force of ten pounds 
against a plate of rock salt, had, in the course of a year, produced a 
well-marked depression, surrounded hy a ring of small crystals raised 
ahove the level of the original surface. The salt had heen exposed to 
the atmosphere, in which case a thin film of moisture is generally pres- 
ent on the surface ; and, since the force of capillary attraction varies 
inversely as the width hetween two plates, where the salt was in al- 
most absolute contact with the glass, the force with which the liquid 
would penetrate between them would be very great. It therefore 
appears to me nearly certain that the pressure would be, to a consider- 
able extent, sustained by a thin film of liquid, which, being thus under 
pressure, would dissolve more salt than the rest of the solution, and, by 
slow diffusion amongst it, the salt would thus be transferred from 
where the pressure is greatest to where it is less. 

" Now these experimental results entirely satisfy the conditions met 
with in the case of the impressed limestone pebbles. Pressed one 
against the other with great force, at a considerable depth below the 
surface of the earth, and surrounded with water saturated with car- 
bonate of lime, in accordance with the principles I have described, the 
limestone would dissolve, so that in time one pebble would penetrate 
into the other, and carbonate of lime would be deposited in a crystal- 
line form elsewhere, where the pressure was less. This explanation 
agrees admirably with the various facts. The structure of the lime- 
stone proves most conclusively that the depressions were produced by 
actual removal of material, and not by its yielding as a plastic sub- 
stance. Moreover, it is only the carbonate of line which has been 
removed, — only the soluble part of the pebble, — the insoluble earthy 
portion having been left behind at the bottom of the depressions ; and 
therefore the removal cannot have been effected by mere mechanical 
means, which would have removed the whole indiscriminately. I attrib- 
ute the solution of the material of one of the pebbles, and the unaltered 
outline of the other, to a difference in their hardness, or the amount of 
earthy or sandy impurities ; whilst, at the same time, I think it prob- 
able that a difference in curvature may have considerable influence/' 



GEOLOGY AND MINERALOGY. 127 

There has been a large number of communications upon the inden- 
tation and alteration of pebbles in Europe. The earliest were noticed 
in the Jahrbuch fiir Mineralogie for 183& and 1843 by Lortel ; in 
1840 by Blum ; in 1841 and 1848 by Escher von der Linth, etc. 

The first notice of them in this country was in my fathe/s Report 
upon the Geology of Massachusetts in 1833. Hence we may claim for 
an American writer the credit of having first brought the attention of 
the scientific world to this subject. 



11. Tracts of Ancient Glaciers in the White Mountains 
OF New Hampshire, with a few remarks upon the geo- 
logical Structure of some Portions of that Group. 

" By GiEORGE L. VoSE, of Paris Hill, Maine. 

It was stated in this paper, that while the general direction of gla- 
cial action in the western part of Maine is from north and north-west 
to south and south-east, the furrows upon the rocks, in that part of 
• the Androscoggin valley, extending from Gorham, in New Hampshire, 
to Bethel, in Maine, and which has a course from west to east, varied 
from S. 20° E., to S. 80° E. ; and that, while the furrows in the depres- 
sions between the higher summits of the main chain of the White 
Mountains point to the north and north-west, those in the Peabody 
valley range from N. 30° E. to N. 40° E., thus according with the 
general direction of that valley, and being nearly at right angles with 
the furrows in the valley of the Androscoggin. It was thus inferred 
that in addition to the general movement of ice over this district, 
from north and north-west to south and south-east, there have been 
local glaciers which were confined to the valleys of the Peabody and 
Androscoggin Rivers. 

It was farther stated that the whole surface geology of the district 
upon the west of the White Mountains, from Fabyan's to the Notch, 
furnished, in various forms of modified drift, plain evidence of the 
action of large bodies of water at a Very recent period; but that 
whether this locality, now two thousand feet above the sea, had been 
covered by the ocean, or by bodies of fresh water, retained by some 
barriers not now existing, was not determined. 

Regarding the arrangement of the great central mass of rocks 
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forming the main chain of the White Moantain;?^ it was stated that 
this portion of the group appeared to iiaye neither the anticlinal build 
of the older geologists, nor yet the regular synclinal huild more recently 
suggested ; hut that the top of Mount Adams, of Mount Jefferson, of 
Mount Clay, and the section from Tuckerman's Ravine through the 
Lake of the Clouds, all seemed to show a prevalent steep dip to the 
north and north-west ; and it was suggested that the main chain of the 
White Mountains was formed hy a fragment of the western slope of an 
immense anticlinal wave, of which the crest would have been over the 
Feabody valley, and of which perhaps a fragment of the eastern slope 
may be found in the opposite and parallel range of the Carter Moun- 
tains ; in which case the Feabody valley would be a valley of denuda- 
tion. 

The feature so common in the relief of these mountains, the long, 
gentle, northern slope, and the abrupt southern descent, was considered 
to be due more to the position and direction of the bedding of the 
rocks than to the movement of ice from north to south over these sum- 
mits ; although it was believed that the latter operation played an im- 
portant part in the rounding off of these mountains. 



12. The Red Sakdstone of Vermont and its Relations. By 
John F. Ferry, of Cambridge, Mass. 

The representations made of the red sandstone of Vermont, at dif- 
ferent times and in various places, have been exceedingly discordant. 
Indeed, in not a few cases, the views entertained and exhibited, re^ 
specting this formation, have been diametrically opposed. 

Fresuming that the rocky beds themselves have a story to tell, it 
may be desirable for us to put them on the stand, and apply to them 
the most crucial tests in our power. 

As the Associatipn for the Advancement of Science is now convened 
in the vicinity of these rocks, it will be easy, for stich of its members as 
desire, to subject, if they have not already done so, and if they have, to 
re-subject, this fragment of the Old Book of Nature to a personal exam- 
ination. As a help in this direction, let us raise a few queries in re- 
gard to the formation, and endeavor to answer them by an appeal to 
facts. 
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I. And, in the first place, we may ask, What is the Red Sandstone of 
Vermont ? 

With the exception of ^the late Dr. Emmons, who long ftgo described 
this rock as Potsdam sandstone, it has been, up to a very recent day, 
quite generally regarded as belonging to the Medina formation of the 
New York geologists. 

The* rock itself is a narrow band of sandstone, usually red, sometimes 
gray, and often calcareous, lying in the lower portion of the Cham- 
plain slope of Vermont, and * dipping gently to the east. It has been 
much eroded, what remains seeming to be only a small part of the 
original formation. 

As early as 1847, Prof. Thompson discovered fragments of trilobites 
in a portion of the band situated in Highgate. These failed, how- 
ever, to attract much attention, and thus the real age of the rock 
remained, jf not undetermined, at least, for the most part, unrecog- 
nized. 

The remains of two or three species of fossils were collected by Dr. 
G. M. Hall and myself at this locality, at various times between 1855 
and '60. On my showing several glabellae of these fossil trilobites to 
E. Billings, Esq., early in the summer of 1861, he at once remarked, 
'* They are GonocephaliteSf and the rock must be Potsdam sandstone." 

Without stopping to mention the different individuals * who have en- 
gaged with praiseworthy zeal in the study of this formation, I may 
simply add that, since 1861, the rock has come to be very generally, if 
not universally, recognized as belonging to the horizon of the Potsdam 
sandstone. 

II. We may next ask whether this sandstone be succeeded on the 
east by newer formations, that have been disguised by metamorphic 
action? 

It was for a long time, and I suppose is still asserted, that this 
rock underlies more recent formations on the east, probably of Silurian 
and Devonian age; and that the latter, having been subjected to 
intense heat, have been so transformed as to be scarcely recognized in 

* It would give me great pleasure to refer in particular to the late Dr. Emmons, 
to the late Profs. Adams and Thompson, to the late President Hitchcock and his as- 
sociates in the Geological Survey of Vermont, to Sir William Logan and E. Billings, 
Esq., of the Canada Survey, and last, but by no means least, to Prof. Marcou, as 
gentlemen by whose labors I have been not a little assisted, in various ways, in my 
study of the rocks of Western Vermont. 
VOL. XVI. 17 
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tbeir new character ; in short, that all the so-called Taconic rocks;^ as 
described by Dr. Emmons, are later than the red sandstone. 

Without dwelling on the fact that these more easterly rocks do not 
ordinarily exhibit such marks of metamorphism as the theory implies, 
and that careful search has shown that some of the Taconic rocks are 
not a little fossiliferous, I would insist, in the first place, that the Red 
Sandstone does not pass under as the dip might seem to suggest, but 
simply rest^ against the so-called newer formations on the east. This 
piay be seei^ in Swai^ton, where the Pbtsdam band has been cut 
through, the excavatecl valleys thus affording exposures of the under^ 
lying rocks as they occasionally crop out, as well as of the overlying 
pandstone. 

But more than this : the red sandstone, in several instances, extends 
over almost the entire, if not over- the whole, width of the Taconic 
9eries. This superposition is well exhibited in the counties of Addison 
and Chittenden, where the Potsdam formatioA stretches from Char- 
lotte and Ferrisburg eastward to Starksboro, overlying nearly, if not 
quite, all the Tacoi^ic loeks, which occasionally crop out, and may be 
feadily recognized by a practised eye. Son^ething very similar is ob- 
pefrable in Franklin County \ also, as I think, in the extension of the 
S^me range into Canada. 

Some, however, may be disposed to urge that there has been an 
overturn, and that thus the Potsdan^ formation, though really older 
than the Taconic strata, usually lies above them. If reference be made 
to partial or local inversions, it may be said that nothing of this kind, 
so far as I can judge, is adeq^iiate to account for the position of the 
rocks at the localities already cited ; iqdeed, the two series of beds sus- 
tain substauti^.lly the same relations to each other through the entire 
length of the State. If, on the other hand, appeal be made to a gen- 
eral overturn, it is right to demaqd the proof. This I have never been 
able to get. I^ fact, of such an overturn I have been unable, after 
years of search, to discover the slightest evidence, or the faintest 
trace. On the ^loyth-west side of* Snake Mountain, in Addison, the 
base of the sandstone is found so resting on the underlying slate as to 
^how that the present is substantially its original position. Similar 
evidence reveals itself at Lone Rock Point, in Burlington, at Mallet's 
Bay, in Colchester, and at other localities. And then it may be added, 
that the beds would have been more broken in case of an inversion, 
and that layers of rock containing rain-drop impressions are found in 
their normal position. 
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The theory of metamorphism, therefore, so far as invoked in the 
present case, seems to fall to the ground, while facts generally, so far 
as I have heen able to find them having a bearing on the subject^ 
decidedly testify that the red sandstone does not extend undet met- 
amorphic formations on the east. 

III. Again, let us inquire whether the sedimentary beds whidh un- 
derlie the red sandstone be an extension of the Potsdam formation 
downward ? 

The gray siliceous rocks at Potsdam, N. Y., have bdeil, fot the most 
part, regarded as the lowest portiou of the sedimentary sti^ata. When^ 
therefore, it became certain that the red sandstone of Vermont must 
be referred to the same horizon, it was soon assumed that the undeif- 
lying, fossil-bearing slates must be considered as a downward exten- 
sion of the Potsdam sandstone. Whether this assumption be dorredt 
or not is to be determined by the import of the latter term. The 
word " Potsdam," iii its earliest geologic seiise, refers to the just 
mentioned sedimentary rocks in the township of that name. It also 
applies, by legitimate exteiision, to all rocky beds elsewhere found of 
the same sppeific life-period. Accordingly, to belong to this series of 
deposits, a formation must either exdctly answer in age to the beds 
of sandstone at Potsdam, or else be a conformable extension, upward 
or downward, of rocks identical with them in the time of their deposi- 
tion. 

How is it now with the sedimentary strata before us ? lH the first 
plaee, the sldtes underlying the red sandstone of Vermont do not 
conform with it in dip. The variation referred td may be seen at 
Siiake Mountain, in Addison County ; in Charlotte, Shelburn, Burling- 
ton^ and Cdlehester, in Chittendon County ; also in St; Albans, Swan- 
ton, arid Highgate, in I^ranklin County, as well £ts in other places. 

Again, there is a lack of conformity in the strike of the sandstone^ 
and that of the underlying slates. This fact may be observed at the 
several localities just mentioned, as well as by a glance at the repre- 
sentation given on the Greological Map, published in the " I^inal Re- 
port," on the Geology of the State. 

Once again, it should be remarked that there is a lack of conformity 
in the organic remains* Without enumerating the several fossils, I 
would simply remark that all the vegetable and animal remains, thui^ 
far brought to light in these respective groups of Vermont strata, are 
specifically distinct. Indeed, no species is yet known to have been 
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discovered, either in this State or elsewhere, comiAon to the two sys- 
tems of rocks, and therefore nothing to indicate that they are of the 
same life-period. 

It should accordingly seem, from this threefold lack of conformity, 
that the heds underlying the red sandstone are distinct from it, and 
cannot be, with any propriety, either referred to the formation, or 
regarded as belonging to the period called Potsdam^ , 

IV. What relation, then, we may now ask, does the red sandstone 
sustain to the underlying formations ? 

The true answer to this query must depend upon the determination 
of the age of the inferior rocks. These were long and generally, 
though by no means universally, regarded as iTtica slate and Lorrain 
shale. They should be divided, as is most probable, inta two parts, 
and may be locally designated as Black, or Swanton slate, and Brown 
or Georgia slate. That they are not of so late an age as the Utica and 
Lorrain beds is apparent from what has been said of the red sand- 
stone which overlies them. In some cases, also, the Swanton slates 
may be seen beneath the Potsdam formation, not ooly along its west- 
em, but also near its eastern limits. So the Georgia slate may be 
shown in some places, as in Swanton, to underlie the Potsdam sand- 
stone in its extreme extension eastward. These facts, it is thought, 
entirely meet the supposition sometimes made, that the underlying 
slate is Utica, the Potsdam beds having been pushed westward, and 
thus made to overlap it ; for there is abundant evidence that the so- 
ealled lateral movement was, at the best, very slight. 

While, then, the underlying beds cannot be regarded as Utica slate, 
(Mr Lorrain shale, while they are also older than the Potsdam formation, 
l^e may well ask what their organic remains teach us. It is this : that 
these slates clearly answer to the Primordial Zone of Barrande* The 
fossils are plainly primordial in type. 

And what do the fossils of the red sandstone teach us? They 
likewise unmistakably belong to the Primordial Zone of Life, and thus 
show that the sandstone is primordial. But they not only form a part 
of the first grand type of life, they are also specifically distinct from 
those of the underlying slates, and a trifle later in the geologic sense 
of the term. In this wise they indicate the relative age of the Potsdam 
sandstone. 

This being the state of the ease, it must be clear that, while the 
underlying and the overlying beds are discordant in dip, in strike and 
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included fossil remains, they are yet nearly related ; that they both 
should be regarded as belongiug to one and the same great zone of 
living existence ; that the red sandstone accordingly claims recogni- 
tion, and must, of good right, be recognized as an upper division of the 
Tatonic or Primordial System of rocks : nay, more, that it follows the 
inferior groups, after a short break in time and a slight interruption in 
the organic succession, and seems to cap them with the more mature 
forms of the same grand type of life. 

V. We may, accordingly ask, as a final question, whether the red 
sandstone properly belong to the Lower Silurian System of rocks ? 

The Potsdam formation has been almost universally counted as the 
base of the Champlain, or Lower Silurian beds of New York. And 
this determination of the mass was very natural, especially at the time 
and place at which it was originally made ; for no fossil-bearing strata 
were then known to be older ; while at the typical locality the forma- 
tion in question rests directly upon rocks usually called igneous, and is, 
in many localities, succeeded by the calciferous sandrock. 

It seems to be a fact, however, that the Potsdam sandstone and the 
calciferous sandrock are stratigraphically unconformable. This dis- 
cordance may be seen at Chazy, N. Y., while the relations generally of 
the two formations may be well observed at Whitehall, N. Y., and 
West Haven, Vt. 

These groups of rocks, moreover, are seen to be unconformable when 
looked at palseontologically. Indeed, there is an almost total break in 
the sequence of life between the two formations. Still this point 
alone is not enough ; it is only negative. It will have greatly in- 
creased force, if it can be .connected with positive testimony. 

And there is additional evidence of a positive kind. A different and 
an advanced zone of life seems to commence with this higher forma- 
tion. The characteristic primordial forms disappear almost entirely 
with the Potsdam, while a new and what should be perhaps called the . 
second great chronological type of existence makes its appearance in 
the calciferous. Thus looked at under the relations of time^ there is 
seen to be a marked difference in the two formations. The types of 
life are clearly distinct. 

These facts, accordingly, seem to indicate that the Potsdam sand- 
stone is not correctly described, and cannot be properly viewed as the 
lowest member of the second great group of fossiliferous strata ; that 
of good right it should be regarded as the summit, or cro.wning portion 
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of the Primordial Zone of Life \ and that thus the calciferous formation 
both presents itself in nature, and in consequence claims recognition 
as the true base of the Champlain, or Lower Silurian System of rocks. 
Having thus cursorily surveyed the red sandstone of Vermont, as 
it is in itself, and in its more general relations, I will close this paper 
with a brief synopsis of the two great systems of rocks, which have 
been under review. Beading from below upward, we have j 

1 

/ 8. Vppet : — Birdseye, Black River, Trenton, Utica, and Lorrain. 
II. Champlain J 2. Middle : — Cha2y, in its several divisions. 

( 1. Lower :-— Calciferous, in its several divisions. 



I. Taconic 



' 8. Upper : — Potsdam, in its several divisions. 
2. Middle : — Black and Brown Slates with Limestones and Sand- 
stones. 

1. Lower : — Talcose and talcold Slates with Limestones and Quartz- 
ites (or Conglomerates.) 



^ The above is given as the most satisfactory general view that I have 
been able, up to this time, to get of these rocks, after a long study of 
them in the field. And it is presented, not as an ultimatum, but simply 
as an essay toward the solution of some of the manifold difficulties 
involved in one of the most intricate and perplexing sections of the 
Geologic Record ; presented with diffidence, and still with unwaver- 
ing confidence in the truth of nature ; presented in the hope that new 
light may be elicited, that old errors, so far as they exist, may be 
discarded, aitd that thus a more consistent understanding of these for- 
mations may be at last secured. 

In this summary, the terms " fatconic" and "Cbamplain " are used, 
not as implying any theory, but becausef they are familiar and locaL 
Insomuch as they were introduced long ago, are simple, short, and 
convenient, as well as locally descriptive, — - also, as commettforative of 
the honored dead, — ^ I see nlany good reasons for retaining, and no 
occasion for discarding them. 
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13. On the Origin of the so-called Lignilites or Epsomites. 
By 0. C. Marsh, of New Haven, Conn. 

(abstsact.) 

The peculiar jointed or columnar structure, which in various forma- 
tions often unites the adjoining surfaces of two layers of limestone, 
has long been a puzzle to geologists, and many attempts have been 
made to solve the mystery of its origin. Indications of this structure 
may be detected in nearly all limestones, but only under peculiar cir- 
cumstances is it developed in its full perfection. Probably the finest 
illustrations of it in Europe are to be seen in the Muschelkalk of 
Germany, where it appears to have first attracted attention. In this 
country, the Clinton limestone, of Niagara County, N. Y., affords, 
perhaps, the most perfect specimens, as well as the best field for 
investigating the subject. 

An examination of this structure, as it usually occurs in situ, shows 
a series of columnar markings and separate columns passing off at 
right angles from a seam between two beds of limestone or calcareous 
shale. The individual columns vary from one half to four inches in 
length, and one fourth to two inches in diameter, although they are 
so metimes much larger. In nearly all instances they pass from the 
lower layer into th'e one above, but rarely the reverse takes place. 
The sides of the columns are always marked with longitudinal groov- 
ings or strise, and their free ends are ugually covered with a rounded 
or pointed cap of clay. In the oldey rocks this clay covering has 
become hard, and is firmly attiEu;hed to the column. At some localities 
the more perfect columns have a fossil ahell or othey organic substance 
on their summit beneath the clay. The columns themselves are of 
precisely the same material as the surrbundi^g rock, although not 
unfrequently they are coated externally with some foreign aubstanoe. 
Occasionally the structure takes the form of irregular jointed seams, 
reminding one of the sutures of the human cranium. At a few 
localities suture joints have been observed cutting the planes of strati- 
fication more op*less obliquely, or even at right angles. 

The limits of the present paper forbid more than a brief mention 
of the more important theories that have been proposed to account for 
the origin of this peculiar structure. In this country it appears to 
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liave been first described by Eaton, in 1824, wbo considered the col- 
umns fossil corals, and applied to them the name of lignilUe^* In 
1831, Bonnycastle described a number of specimens, and was inclined 
to regard them, not as fossils, but as a new mineral due to infiltration.f 
A few years later Vaniixem claimed to have solved the mystery. The 
columns, he thought, were due to the crystallization of sulphate of 
magnesia, and he therefore gave them the name of Epsamites, by 
which they have since been most generally known in this country. t 
Prof. Hall, in his final Report, accepted this explanation, but suggested 
that the columns might, in some cases, be due to the crystallization of 
carbonate of lime.§ Prof. Emmons, also, in his Report, expressed the 
opinion that in one instance sulphate of strontia might have been 
the crystallizing agent. || Finally, in the General Report on the Geology 
of Canada, the nature and occurrence of this structure is discussed at 
some length by Dr. Hunt. The name Crystallites is used for the col- 
umns, and the suggestion is made that the ^< crystals may have been 
sulphate of soda, rather than a magnesia salt'^IT Views similar to those 
specified have been expressed also in sQveral other works of acknowledged 
authority. That crystallization in some form was the cause of the struc- 
ture seems to have been very generally accepted in this country up to 
the present time. . 

In Europe, especially on the continent, this question has attracted 
much more attention, and many and various attempts have been made 
to find a satisfactory solution of the difficulty. Early in the present 
century geologists there were already familiar with the structure. The 
first author, however, who made a special study of it was, was Kloden, 
of Berlin, who in 1828 gave a description of the forms that he had 
observed in the Muschelkalk at Rudersdorf. He regarded the columns 
as fossils ; and, although in doubt as to the nature of the supposed 
animal, proposed for it the name Stylolites SulcatiLs.** A few years 
later he discussed the subject much more fully, and gave excellent 

* Report on the Digtrict adjoining the Erie Canal, p. 134. 
t Sillimau's Journal, Vol. XX., p. 74. 

I Second Annual Report on Geology of N. Y., p. 271, 1888, and Final Report 
p. 107, 1842. 

§ Report on 4th District of N. Y., p. 96. 

II Report on 2d District of N. Y., p. 111. 
IT Geology of Canada, p. 632, 1863. 

* * Beitrage zur Min. u. Geol. Kenntniss der Mark Brandenburg, I. p. 58. 
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figures of the principal forms he had met with.* The name Slt/lolitesf 
has since been generally used in Germany for these forms, and no other 
appears to have been employed in other parts of Europe. As it has 
priority, and involves no theory, it should be univ^ersally adopted. The 
next careful investigation of the structure was by Quenstedt, who in 
1837 published an important paper on the subject.]: Having observed 
that some of the more perfect columns were capped with fossil shells, 
he came to the conclusion that Stylolites were merely segregations, 
which owed their shape And origin to fossils lying in the soft mass of 
limestone during consolidation. Huot, in 1842, described specimens 
of this structure from the Jurassic of the Crimea, and expressed the 
opinion that they were due to crystallization and aggregation. § Cotta, 
in a work published in 1846, compared Stylolites with the ice crystals 
that form in the soil in winter, and inferred for both a similar origin. || 
In 1852, Plieninger proposed an original and elaborate explanation, 
which, notwithstanding its improbability, has since found quite a num- 
ber of supporters-T He supposed that the surface of the soft limestone 
was first raised above the water, and on drying became separated into 
blocks by shrinkage-cracks. Through the action of rain, these were 
reduced in size, and the columns, protected by shells and other foreign 
substances, were thus made to assume definite forms. After sub- 
sidence, another layer was deposited over this surface, and the whole 
gradually became compact limestone. The fact that rain, under cer- 
tain circumstances, may produce columns very similar in form to Stylo- 
lites had already been noticed, and this was doubtless one reason why 
Plieninger's theory gained so many adherents, one of whom appears 
to have been Quenstedt,** who had himself long before so nearly 
cleared up the mystery. In a later work however, he presents again 
his original explanation with some modifications, which make it, al- 
though still crude and incomplete, much more satisfactory than any 
previously offered-ft Von Alberti, in 1858, suggested still another 

* Versteinerungen der Mark Brandenburg, p. 288. Berlin, 1834. j 

t From ant^joa, a column. 

t Wlegmann's Archiv., V. p. 137, also Jahrbuch der Mineralogie etc., p. 496, 
1837. 
■ f Voyage dans la Russie merid. 11. p. 369. 

Gnmdriss der Geologic, p. 128. 

IT Wiirtemberg. Naturwissenschaft. Jahresheften, B. Vm. p. 78. 

** Petrefacten Kunde, p. 606. 

ft Epochen der Natur, p. 198. 
VOL. XVI. 18 
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have been first described by Eaton, in 1824, who considered the col- 
umns fossil coralsy and applied to them the name of lignilUes* In 
1831, Bonnycastle described a number of specimens, and was inclined 
to regard them, not as fossils, but as a new mineral due to infiltration.t 
A few years later Vanuxem claimed to have solved the mystery. The 
columns, he thought, were due to the crystallization of sulphate of 
magnesia, and he therefore gave them the name of EpsamiteSj by 
which they have since been most generally known in this country. | 
Prof. Hall, in his final Report, accepted this explanation, but suggested 
that the columns might, in some cases, be due to the crystallization of 
carbonate of lime.§ Pro£ Emmons, also, in his Report, expressed the 
opinion that in one instance sulphate of strontia might have been 
the crystallizing agent. | Finally, in the General Report on the Geology 
of Canada, the nature and occurrence of this structure is discussed at 
some length by Dr. Hunt. The name Crystallites is used for the col- 
umns, and the suggestion is made that the ^' crystals may have been 
sulphate of soda, rather than a magnesia salt'^lf Views similar to those 
specified have been expressed also in several other works of acknowledged 
authority. That crystallization in some form was the cause of the struc- 
ture seems to have been very generally accepted in this country up to 
the present time. . 

In Europe, especially on the continent, this question has attracted 
much more attention, and many and various attempts have been made 
to find a satisfactory solution of the difficulty. Early in the present 
century geologists there were already familiar with the structure. The 
first author, however, who made a special study of it was, was Kloden, 
of Berlin, who in 1828 gave a description of the forms that he had 
observed in the Muschelkalk at Rudersdorf. He regarded the columns 
as fossils ; and, although in doubt as to the nature of the supposed 
animal, proposed for it the name Stylolites Sulcatum,** A few years 
later he discussed the subject much more fully, and gave excellent 

* Report on the District adjoining the Erie Canal, p. 184. 
t Sillimau's Journal, Vol. XX., p. 74. 

t Second Annual Report on Geology of N. Y., p. 271, 1888, and Final Report 
p. 107, 1842. 
§ Report on 4th District of N. Y., p. 96. 
II Report on 2d District of N. Y., p. 111. 
H Geology of Canada, p. 632, 1863. 

* * Beitrage zur Min. u. Geol. Kenntniss der Mark Brandenhurg, I. p. 58. 
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figures of the principal forms he had met with.* The name StylolUes\ 
has since been generally used in G-ermany for these forms, and no other 
appears to have been employed in other parts of Europe. As it has 
priority, and involves no theory, it should be universally adopted. The 
next careful investigation of the structure was by Quenstedt, who in 
1837 published an important paper on the subject.} Having observed 
that some of the more perfect columns were capped with fossil shells, 
he came to the conclusion that Stylolites were merely segregations^ 
which owed their shape And origin to fossils lying in the soft mass of 
limestone during consolidation. Huot, in 1842, described specimens 
of this structure from the Jurassic of the Crimea, and expressed the 
opinion that they were due to crystallization and aggregation. § Cotta, 
in a work published in 1846, compared Stylolites with the ice crystals 
that form in the soil in winter, and inferred for both a similar origin. || 
In 1852, Plieninger proposed an original and elaborate explanation, 
which, notwithstanding its improbability, has since found quite a num- 
ber of supporters-T^ Se supposed that the surface of the soft limestone 
was first raised above the water, and on drying became separated into 
blocks by shrinkage-cracks. Through the action of rain, these were 
reduced in size, and the columns, protected by shells and other foreign 
substances, were thus made to assume definite forms. After sub- 
sidence, another layer was deposited over this surface, and the whole 
gradually became compact limestone. The fact that rain, under cer- 
tain circumstances, may produce columns very similar in form to Stylo- 
lites had already been noticed, and this was doubtless one reason why 
Plieninger's theory gained so many adherents, one of whom appears 
to have been Quenstedt,** who had himself long before so nearly 
cleared up the mystery. In a later work however, he presents again 
his original explanation with some modifications, which make it, al- 
though still crude and incomplete, much more satisfactory than any 
previously offered.ft Von Alberti, in 1858, suggested still another 

* Yersteinerungen der Mark Brandenburg, p. 288. Berlin, 1834. j 

t From aTv^joOf a column. 

X Wiegmann's Archiv., V. p. 137, also Jahrbuch der Mineralogie etc., p. 496, 
1837. 
§ Voyage dans la Russie merid. 11. p. 369. 
fl Gnmdriss der Geologie, p. 128. 

IT Wurtemberg. Naturwissenschaft. Jahresheften, B. Vllt. p. 78. 
** PetreflEuiten Kunde, p. 606. 
ft Epochen der Natur, p. 198. 
VOL. XVI. 18 
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to produce tbe sapexior density rcqaired to start a colamii, and this 
would at once liave its fJEirther progress facilitated by a cap of mad 
formed above the shell, thas rendering tbe summit of tbe column more 
convex, and hence diminishing the effective pressure. If^ however, the 
concave side of the shell be uppermost, this assistance is in a measure 
lost, as the cavity of the shell must first be filled &om the argillaoeoiiB 
layer before the colamn can secure a convex summit Hence such 
columns are usually shostor than those which have the shell reversed. 

If the shell, instead of lying horizontal, as in the above instanceSy 
has an oblique position, curved columns will generally be formed, the 
curvature being toward the* upper edge of tha shell, and its amount 
depending upon the degree of eieVJE^oii. Where the rock is not 
homogeneous, bent or even broken columns ofben occur, evidently 
caused by meeting with impediments, just as a nail is turned from its 
course when driven against an obstacle. To carry out the simile, the 
columns with the oblique shells curve towards the sharp edge of 
Hke summit exactly as a horseshoe nail bends outward when driven 
into the hoo^ and for precisely the same reason. 

Th« comparatively few Stylolites extending &om the upper lay«r of 
limestone into the lower axe evidently formed in essentially the same 
way as those already described, although under somewhat different 
circumstances. Where the shape has been determined by a fossil, it 
will generally be found that this was deposited above the argillaoeoos 
layer rather than below it. The cause of the superior density required 
win readily be inferred from what has been stated above. 

The foregoing explanation has been mainly suggested by a study of 
the more perfect, separate columsis, whidi usually appear to be focmed 
under essentially the cipcumBtances Mready mentioned. Where, how- 
ever, the conditions are less favorable, columns and elevations, more or 
less regular in shape, may still be formed, and such alone are to be 
found at most localities. To this class clearly belong the specimens 
described hitherto by the distinguished geologists who have investi- 
gated the subject in this country, and the same holds true, almost 
without exception, of those examined by foreign authors. Such speci- 
mens, viewed in the light of the more perfect columns, often show 
indications of their origin from pressure ; but as the crowning shell — 
the key to the mystery — is wanting, they alone would hardly reveal 
the mode of their formation, and hence it is by no means strange that 
their unessential features should have been made the basis of so many 
theories of explanation. 
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The oblique suture joints, already alluded to, are clearly due to the 
same general cause as the more perfect Stylolites. Those that cut 
the strata at a high angle evidently owe their origin to lateral pres- 
sure, acting along a plane of fracture, and thus driving into each other 
the irregular adjoining surfaces. Such joints are not uncommon in the 
water-line of Monroe County, K. Y., and a characteristic example is 
figured in Prof. Hall's final Beport^ rThe same rock contains an 
abundance of imperfect columnar Stylolites, such as usually occur in 
a homogeneous nonfossiliferous limestone. 

In addition to the varieties of Stylolites already mentioned, many 
others may be found at nearly every i3rpical locality. Kot merely 
foreign substances alone, but even any inequality in the density of the 
plastic strata will prevent a perfectly uniform settling of the whole, 
and also accurately register the amount of interference thus occasioned. 
In this way striee and rude indications of columns are often formed 
along seams, or even in the body of the limestone itse1£ So also 
where the argillaceous layer is thick, and the limestone not homogen- 
eous, rounded elevations and depressions will be formed along the 
planes of junction. Examples of this are common in the Trenton as 
well as in the comiferous limestones of New T'ork. 

Where concretions are imbedded in shale, as in the Hamilton group 
of Western New York, their sides wil> not tmfrequently be found 
striated like the sides of Stylolites, efearly due to the sliding motion 
of the surrounding rock. When this takes place before the concretions 
are fully completed, very peculiar forms are often produced. Whei« 
the strata of shale themselves have be^iAf ^turbed and distorted before 
consolidation was entirely finished, they are often fractured in various 
directions, and the adjoining surfaces of the fragments finely polished 
by the pressure of the disturbing force*. Examples of tMs may be 
seen in the Hudson Biver slates at Gohoes, N. Y., and at other pointi^ 
on the Mohawk. Where the rock becomes nearly or quite' solid hefoifB 
fracture, the well-known ^' Slickensides " are formed, which every one 
admits are merely friction-marks, due to the pressure or motion of 
adjoining surfitces, as their mode of formation may often be^detectedt 
while still in progress. Such examples, however, constitute one end 
of a series extending with many intermediate gradations through the 
forms just described up to the perfect columns of the Stylolites with 

-i — - 

* Geology of N. Y., Fourth District, p. 181. 
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their characteristic covering, all clearly owing their origin to one com- 
mon and simple cause."* The series might, perhaps, he extended even 
farther, so as to include the structure known as *'Cone-in-Cone," 
which, according to the investigations of the author, is probably due to 
the action of pressure on concretionary structure when in process of 
formation. Intermediate forms between Stylolites and Cone-in-Cone 
had been observed by the author, and also some other similar struc- 
tures, the origin of which he hoped to discuss in a future paper. 

Whenever displacement of any kind takes place in strata^ the 
adjoining surfaces that thus move past each other do not usually again 
firmly unite ; . and hence various substances are often introduced by 
infiltration into the intervening spaces < In this way the surfaces of 
Stylolites and the enclosing rock not unfirequently become covered 
with oxides of iron, either in the form of dendrites, or of a uniform 
coating. Carbonate of lime, or of lime and magnesia, sulphate of 
lime, and of strontia when introduced, in this manner often crystallize 
in the grooves on the sides of the columns or sutures^ thus apparently 
forming fibrous crystals ^ and consequently, these bave^ perhaps not 
unnaturally, been regarded as essential elements in the formation of 
Stylolites by those who had made but a limited study of the subject 
Henee the various crystallization theories that have been proposed, 
each regarding the particular substance detected as the cause of the 
structure. The dark coating on columns and in sutures, which has 
been considered bitumen by several authorities, will generally be found, 
on Axamination, to be either a portion of the argillaceous layer, sepa- 
rated by the Stylolites when forming, or, as in the case of Slickensides^ 
merely a portion of the rock, finely divided and compressed. The dark 
color may, of course, be heightened by the subsequent infiltration of 
orgaidc substances, but the coating itself is in nearly all cases essen- 
tially inorganic. 

The localities of Stylolites in this country are very numerous, and 
allusion has already been made to some of the more important. The 
most interesting one known to the author is in the Clinton limestone 
at Lockport, N. Y., where nearly all ther perfect columns are crowned 
with fossils. The best exposure at this locality, now accessible, is at 
Cady's quarry, a few rods below the railroad bridge over the canal ; 

* A suite of specimeiiB, from yarious localities in this country and in Europe, 
illustrating such a series, was exhibited hy the author. 
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but the terrace of limestone on which this part of the city is built con- 
tains throughout its whole extent fine illustrations of this structure. 
Apparently the same beds are exposed in the railroad cutting on the 
Niagara River above Lewiston, nearly twenty miles distant, as layers 
having essentially the same position, and containing similar Stylolites, 
have been observed by the author there and at various points where 
the Clinton crops out along the " Mountain " ridge ; and Dr. A. M. 
Leonard, of Lockport, has since discovered other intermediate localities, 
which render the connection more than probable, thus indicating a 
very large extent of surface, over which the same peculiar causes were 
in operation at the same time. 

Besides the localities already referred to, many others of interest 
occur in the Silurian, Devonian, and' Carboniferous, and more rarely 
in the Triassic. In New York and Canada the Niagara and Comif- 
erous limestones often contain imperfect Stylolites in abundance, while 
in the West fine illustrations of the structure have been found in 
the subcarboniferous. Special localities may readily be ascertained by 
consulting the various State Geological Reports, 

One of the most interesting localities of Stylolites in Europe is that 
already mentioned in the Muschelkalk at Riidersdorf, near Berlin, 
where this structure is developed in great perfection. Nearly all the 
separate columns are capped with fossils, and a great variety may 
easily be obtained. During a visit to the locality in 1864^ the author 
collected more than fifty characteristic columns, each having an organic 
covering, and among these ten species of fossils were represented. 
The Muschelkalk and Zechstein in other parts of North Q-ermany also 
frequently contain Stylolites in abundance. In Wurtemberg, colamns 
with a black coating are common in the Muschelkalk near Fried* 
richshall, and at Rottweil Stylolites are occasionally found having on 
their summit a fossil crab.* Various localities of Stylolites have been 
observed in France, one of the most important of which is in the 
Jura near Dijon, where columns a foot in length were noticed by M. 
d'Aoustf In Great Britain this structure appears to have attracted 
very little attention, and no localities of particular interest have been 
described. In the subcarboniferous limestones of Ireland the author 
had observed the more common varieties of Stylolites at several places, 
but the structure was nowhere well developed. 

♦ Von Albert!. Uberblick iiber die Trias, p. 15. 
t Bulletin See. Geol. de la France, Vol. III. p. 827. 
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1. Os 80MS Fossn. Reptiles and Fishes, from the Gabbonif- 
EBOUS Strata of Ohio, Kentucky, and Illinois. By J. 
S. Newberry, of New York, K. Y. 

The specimens exhibited and described in this communication 
consisted of reptiles and fish from the cannel stratam underlying the 
main coal seam at Linton, Ohio, of fishes firom the coal measures of 
Illinois, collected by the State Greologist, and of a group of fishes col- 
lected by Dr. Patterson finom a stratunl of bituminous shale, lying in 
the Waveriey group, one hundred and twenty-five feet above its base, at 
Yanceburg, Kentucky. Of these, the first series included Raniceps 
LyeUii, Wyman, with several as yet undescribed reptiles, some of 
which apparently belong to Pro£ Huxley's Hew genera^ Ophioderpe- 
ton and Urocordylus. Associated with these were some twenty 
species of fossil fishes, most of which have been described by Dr. New- 
beny, but were now represented by new and more perfect specimens. 
Among these were eight species of EuryUpis, a genus created by Dr. 
Kewbeny to receive a group of small lepidoids, allied to FalcBoniscuSf 
but distinguished by the scales of the sides which are much higher 
tiian long. The scales on several of these species are very highly 
ornamented. The specimens exhibited were preserved in cannel coal, 
and covered with a film o^ sulphide of iron, by which tiiey were bril- 
liantly gilded. With these were two species of Casldeanthus, some of 
the specimens of which showed that the fishes of this genus were fur- 
nished with a supplemental caudal fin, as in Undina. This Dr. New- 
beny stated was an interesting £Act confirmatory of Prof. Huxley's view 
of the relation of Undxria, MweropomOy and Ctelaeanihus. The 
numerous and very complete specimens of Cc^aeaiUkus exhibited sup- 
ply much tiiat was wanting to a perfect knowledge of the anatomy of 
ihis genua. The bones of die head are similar in form to those of Jtfc^ 
arcpoma, are highly ornamented with tubercles above lines below. 
The jugular plates are double and long-elliptical as in Undina and 
Jfitcropotno. The position and fi>rm of the fins are as in UndinOj but 
the anterior dorsal is stronger. The fins are supported on palmated 
interspinous bones, similar, in a general way, to those of the other 
genera of the fimiily. The pairedfina are slighiJy lobed. The supple- 



PALJEONTOLOGY. 145 

piental has been referred to. The scales are ornamented with curved 
dnd converging raised lines. In many specimens the earbones (oto- 
lites) are distinctly visiWe. Besides tlie fishes found at Linton al- 
ready enumerated, there were scales and teeth of Bhizodus, two 
fspecies, at least, one of which (R. angustua) has teeth of two forms, 
one large, flattened, and double-edged, the otiier smaller,- more numer- 
ous, slender, sheathed, and conical, with a circular section throughout; 
two species of Diplodus^ consisting of bony base and enamelled 
crown, — the latter distinctly and beautifully serrated, — so that there 
can scarcely be a question that they were teeth, and not, as claimed 
by Mr. Atthey, of Newcastle, England, dermal tubercles. In the 
Linton fauna is one species of PalcBoniscus (P. scutigerus. N.J; one 
of Pygopterus ; one of Megalichthys, represented by scales ; and 
numerous spines of placoid fishes of the genera Gompsacanihus and 
Pleuracanthus. 

The fish remains from Illinois consisted of a splendid specimen of 
Edestus vorax (Leidy), from the coal at Belleville, opposite St. Louis, 
and of several individuals of a new species of Platysomus from the 
concretions of iron ore at Mazon Creek. The EdeStus was said by 
Dr. Newberry to have been described as a jaw, but the specimen 
exhibited was much more complete than any before found, and there 
could scarcely be a doubt that it was the spine of a Selachian. Pla- 
tysomxiSy he said, though common in the coal measures of England, 
had not been before found in America. 

. The fishes from the Waverley were from a new locality, and fi»om a 
horizon that had furnished very few fossils of any kind, and no fishes 
except a Palceoniscus (P. Brainerdi) found in Northern Ohio. The 
specimens collected at Vanceburg by Dr. Patterson consisted of teeth of 
Gladodus and OrodtiSf with spines of GtendcarUhus, with the tail of one 
of these Selachians distinctly preserved. This, Dr. Newberry said, was 
a great rarity, as the soft, and even the cartilaginous parts of plagios- 
tomous fishes had usually disappeared, the teeth, spines, and dermal 
tubercles, the only bony parts, remaining. The only similar cases, of 
which he had any knowledge, was the discovery of the tail and fins 
of Chondrosteus in the Lias of Lyme Regis, England, and the pres- 
ervation of Thyalina in the Solenhofen slate. The specimen shown 
was greatly older, being from the base of the carboniferous, and was 
the only figure that Nature had given us of the external form of these 
ancient sharks. This tail was very heterocercal, had the from of tha 
VOL. XVI. 19 
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caudal fins ot some living sharks, and indicated a fisn ot seven or 
eight feet in length. lu the specimen exhibited the vertebral column 
had entirely disappeared, but the impressions of the spinous bones 
were distinctly visible, those of the lower lobe of the tail being ossified 
throughout. Dr. Newberry said that he hoped to gather data from 
this collection for uniting teeth and spines, which, though descrlhed 
under different names, were parts of one fish. 



2. On somk Remarkable Fossil Fishes, Discovered by Rev. 
H. Herzer, in the Black Shale (Devonian) at Delaware, 
Ohio. By J. S. Newberry, of New York, N. Y. 

Dr. Newberry exhibited to the section different portions of the 
head of a gigantic fish, to which he had given the name of Dinichthys 
Herzeri, and which, he said, from its size and structure, deserved the 
same distinction among fishes that Dinotherium and Dinomis enjoy 
among mammals and hirds. Most of the hones obtained as yet be- 
longed to the head, which was over three feet long, by one and a half 
broad, and wonderfully strong and massive. All parts of the head had 
been procured, and many different individuals were represented in 
the collections made by Mr. Herzer. The cranium was composed of a 
number of plates firmly anchylosed together and strengthened near 
the occiput by internal ribs, or ridges, nearly as large as one's arm. 
The external surface was covered with a very fine vermicular ornamen- 
tation. The anatomical structure was more wonderful than the size, 
and was such as to separate this quite widely from any fishes known, 
living or fossil. The most marked peculiarity was in the structure of 
the jaws and teeth, both as regards the form and texture. The form 
of the jaws will be best understood by the following figures : — 




Jirlandible one-el^Lih iiAtuml sixe. 
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Upper and lower jawa in position restored. 

The liead terminated anteriorly and above in two great incisors, 
representing the pre-maxillary, behind which, on either side, were the 
maxillaries, broad, flattened bones of very dense tissue, along the lower 
edge of which was set one row of small, robust teeth, which were 
neither implanted in sockets nor cemented to the jaw, but were formed 
by the consolidation and prolongation of the jaw tissue. The mandi- 
bles are over two feet long by six inches deep, laterally flattened and 
very massive, being without any medullary cavity. The anterior ex- 
tremity was turned up in a huge triangular tooth, composed of dense, 
ivory-like tissue, which articulated with (passing between) the diverg- 
ent incisors of the upper jaw. Back of this terminal tooth, on some 
specimens, was another triangular summit, behind which was a row of 
small teeth, corresponding to those of the maxillaries. Such was the 
power of this tremendous dental apparatus, that the bodies of our 
largest living fishes would be instantly pierced and crushed by it, if 
exposed to its action. Behind the head were large and thick plates, 
one of which corresponded to the '*bs medium dorsi " of Heterostiics 
(Pander) ; being at least of equal size. 

•These interesting fossils were found in the calcareous concretions, 
which occur so abundantly near the base of the " Black Shale " 
(Hamilton) at Delaware, in Central Ohio, by Mr. Herzer, a clergy- 
man, who, while performing his pastoral duties, and living on a very 
small salary, had been a most zealous and remarkably successful stu- 
dent of the local geology. 
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III. ZOOLOGY. 

1. On tup: Zoological Affinities of the Tabulate Corals. 
By A. E. Veriull, of Xew Haven, Conn. 

Thk various kinds of coral-like structures are now well known to 
be produced by several very different classes of animals, and also, in 
some cases, by certain low plants. Thus we may have Molluscan 
corals (Bryozoa); Corals of Halcyonoid Polyps (Tubij^ora, Gorgonke, 
red-coral) ; Corals of Madreporian Polyps (Madrepora, Pontes, As-y 
ircea, Moeandrina); Corals of Actinoid Polyps ( Antipathes, etc.) ; 
Hydroid Corals (SeHularia, Mlllepora); Protozoan Corals (Polytrema 
and various other stony sponges, Eozoon and other Foraminifera) ; 
Vegetable Corals (NulUpora Coralllna, etc.). 

Although the nature of most of tlie living forms is now pretty well 
known, it i& often very difficult to decide upon the affinities of various 
fossil forms, which have no living representatives. And since coral- 
like organisms are, next to shells, the most abundant and characteristic 
fossils in many formations, it becomes a matter of great interest to 
ascertain their true position in the Animal Kingdom. The periods 
when certain classes and orders of animals first appeared in geological 
time will, also, be materially changed by diverse interpretations of 
the affinities of fossil corals. 

Among the most important doubtful groups, at the present time, are 
the Cyatliophylloid Corals and the Tabulate Corals (Zoantharia Rugosa 
and Zoantharia TaJndata, Edwards and Hairue). The former are re- 
ferred by Milne Edwards and Hainie, and most other writers, to the 
Madreporian Polyps, but as a distinct family, tribe, sub-order, or order, 
by difff^rent authors. Certain writers, however, have referred several 
of the genera to the mollusca, near Hipptcntes, But Prof. Agassiz 
refers the entiife group, together with the Tabulata, to the Hydroids.* 

The Tabulate Corals were introduced among the Madreporian Corals 
by Prof. Dana, in whose excellent work they form only a distincir 
group, but the genera were arranged according to characters other than 
the existence or absence of transverse plates. . By Edwards and Haime 

* Proceedings of the Boston Society of Natural History, Vol. VI. p. 373, lb69. 
Contributions to the Natural History of the United States, Vol. III. pp. 61-3 and 
IV. pp. 292-6 and 338. 
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they were united into '»nc group, on account of tliis one structural char- 
acter, the importance of which is very doubtful. Some of the Tabu- 
late genera have also been referred elsewhere. Thus Rominger * has 
endeavored to prove that Ghcetetes and allied forms are Bryozoay and 
Dana referred Aulapora and Syringopora to the Alcyonaria. 

Prof. Agassi z observed the living animals of Millepora at the Flor- 
ida reefs, and found that the larger cells are occupied by animals dif- 
ferent from those that form the small ones scattered between them, 
and that both kinds correspond with the polymorphous individuals that 
form the compound colonies of many kinds of Hydroids. In the ani- 
mals of Millepora, as figured and described by Prof. Agassiz, the 
mouth is at the prominent extremity of the long, slender, or clavate 
body, and the short, capitate tentacles do not form a circular wreath 
around a distinct oral disk, but are clustered around the upper part of 
the body in an irregular manner. The tentacles, like the whole body, 
have the Hydroid characters well marked. f 

Finding the tabulated Millepora a well-characterized Hydroid, Prof. 
Agassiz very naturally referred all other Tabulata to the same order, 
although among them there are several distinct types of structure, 
very different from Millepora, On account of the existence of trans- 
verse plates or septa in many Rugosa, he supposed that this group 
would also prove to be Hydroids. As there are no living representa- 
tives of these, it will be very diflficult to determine their true nature 
with certainty, but there are apparently many good reasons for retain- 
ing them among the true Polypi, Many of them, also, do not present 
transverse septa, while the radiating septa are often highly developed, 
indicating that the body of the animal was divided up into radiating 
chambers, a feature not found among Hydroids, but most characteristic 
of the true Polyps. 

Among the tabulated corals, we find two well-marked groups. The 
first includes Millepora and Hdiopora among living corals, Hdiolitesy 
and many other fossil genera. In these there are nearly circular, tubu- 
lar cells, separated by a porous coenenchyma, in which there are smaller 

* Proceedings of the Philadelphia Academy of Natural Sciences. 1866, p. 113. 

t Prof. C. Fred. Hartt informs me that while collecting 8X>ecimens of MiUepora 
{M. tdctcomt8 L., M. nitida V. etc.J at St. Thomas and on the coast of Brazil, they 
stung his hands severely in parts where the skin is tender, unless handled with 
great care. This, also, is a character of the Hydroids rather than of the true 
Polyps. A large Hydroid was observed by Mr. Bradley at Panama to have the 
same power. -* # 
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eells, which Rometimes form circular clusters around the larger ones. 
The two forms of the cells indicate the dimorphous character of the 
animals forming them, which is a common if not characteristic fea- 
ture of many families of Hydroids.* The cells themselves are divided 
transversely by more or less numerous plates, but^ the radiating septa 
are either entirely absent or represented only by slightly raised lines 
upon the walls of the cells ot the upper surface of the transverse septa. 

The second gtoup, including Pocillipora and Seriatipora, among liv- 
ing corals, and FaVosites, Columnaria, etc., among fossil ones, contains 
genera that have the cells all similai?, and usually united directly to- 
gether by the distinct walls, or a compact coenenchyma. In .these the 
transvei^se plates ^ire Usually quite as regular and complete as in the 
first group, or even more so, but the radiating septa are also frequently 
very well developed, forming cycles of six, twelve, twenty-four, or other 
multiplies of six, precisely as in the Madreporians, and in some cases 
these extend inward from the wall, so as to join a central columella. 
In some species of Pocillipora t there are twelve radiating plates, as 
well developed as those of many true Madrepores. 

Hoping to gain some positive evidence upon this question, Mr. F. 
H. Bradley, while collecting specimens at Panama for the Museum of 
Yale College, was requested to examine the living animals of PocUli* 
pora cdpitata V., which occurs in that region quite commonly. This 
he was able to do without much difficulty, since the polyps of Pocilli- 
pora are tolerably large and expand readily in confinement, differing 
greatly in both these respects from those oiMillepora. Although pro- 
vided only with a good pocket lens, his observations and drawings are 
of importance with reference to the question under discussion. A 
careful microscopic examination is, however, still very desirable. Ac- 
cording to his drawings and descriptions, this Pocillipora has exsert 
polyps, with twelve equal, round, moderately long, tapering tentacles, 
which surround the edge of the oral disk in a single circle, six being 
ordinarily held upright, while the alternate six bend outward. Twelve 
radiating lines, considered to be the edges of the internal radiating 
lamellae, showing through the translucent disk, pass from between the 
bases of the tentacles to the stomach. Thus these animals have all 
« — — — ' ■■ - ' ' ' ' ' ... , ■ ■ I ■ 

* Dimorphism among true Polyps is known only in the PeMtuHaaa, and in the 
genus Sarcophyton, among the Alcyonaria, unless the terminal polyps of Madrqxfra 
be considered a dimorphous form. 
\ Pocillipora ttdlaJta Yerrill, from Zanzibar, is a good example. 
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the external characters of those of Pontes and Madrepora. Indeed, 
Mr. Bradley states that when comparing the expanded polyps of the 
Focillipora and a species of Forites, living with it, and placed side by 
side, he could see no difference except in the color and posture of 
the tentacles, those of the Porites being held all in the same position. 
From these observations it seems necessary to conclude that Pocillipora, 
and other Tabulate Corals belonging with it, are true Madreporian 
Polyps, allied to the PoritidcB in some characters, and to StylophoridcB 
in others,* but forming two or more distinct families. 

If these conclusions be well founded, the Tabulata. form an artificial 
and unnatural group, which should be dismembered and the various 
genera distributed between the Hydroids and Madreporian corals, in 
accordance with other and more important characters. 



2. Considerations drawn from the Study of the Orthoptera 
OF North America. By Samuel H. Scudder, of Cambridge, 
Mass. 

The Orthoptera of North America have received, as yet, but little 
attention. Those of New England alone have been carefully enumer- 
ated. Any comparison, therefore, of the Orthoptera of Europe and 
America must be based, so far as this continent is concerned, on our 
knowledge of the New England fauna. This limited region has a nu- 
merical preponderance of species over any European district of equal 
extent with which it can fairly be compared. Situated in the latitude 
of Southern Europe, the climate and physical features of New England 
bear a stronger resemblance to the Scandinavian peninsula than to 
any other part of Europe. Yet New England possesses seventy-nine 
species of Orthoptera, and Northern Europe has scarcely more than 
half that number, viz., forty-three. In point of numbers, the Orthop- 
tera of New England stand midway between those of Northern and 
Middle Europe, the latter having one hundred and twenty-six species. 

A separate comparison of the families brings to light some very in- 
teresting features. 

♦In the Vofage de rAstrolabe, Quoy and Gaimard have figured two spedes of 
"PociUipora/' both having twelve equal, tapering tentacles. One of these is a 
Siylophora, according to Edwards and Haime, bat the other seems to be a tme Pod^ 
lipora. 
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One*eighth of the species of Forficulina which occur in Europe are 
found in the northern part, one-half in the middle, and five-eighths in 
Southern Europe. North America does not seem to be rich in Forfic- 
ularians. New England possesses but two species, or one less than is 
found in Northern Europe. 

One-fifth of the species of European Blattina occur in the northern 
part of the continent, one half in the middle, and seven-eighths in 
Southern Europe, showing a great preponderance of species towards 
the south. New England has seven species, and stands midway be<- 
tween Northern Europe (five) and Middle Europe (nine). 

No species of Mantis occurs in New England, although one species 
is found in Maryland, and another is described (erroneously ?) from 
New York. In Europe, one species alone extends as far north as 
Middle Europe. A single species of Phasmida is found in the south- 
ern half of New England, but no species occurs either in Northern or 
Middle Europe ; two are described from Southern Europe. 

Of Gryllodea, a single or at most two species occur in Northern 
Europe. Ten species, or two-fifths of those found on. the whole conti- 
nent, occur in Middle Europe, and seven-eighths of the whole number 
in Soutjjern Europe. In New England there are eleven species. 

Of LocustariaB, Northern Europe possesses fourteen species, or two- 
elevenths of the whole continental fauna ; Middle Europe has thirty- 
nine, or one-half of the whole, while Southern Europe has forty-nine, or 
five-eighths. In this group we begin to have a more equable propor- 
tion, approaching to a balance of species between the North and South. 
Here, also. New England, which has only sixteen species, is more closely 
allied to Northern Europe. New England, however, cannot always be 
taken as a representative of the whole continent ; for America is ex- 
tremely well supplied with species of this family, and peculiarly so in 
the case of ^certain genera. 

Twenty species of Acridiodea, or more than one-fourth of the whole 
continental fauna, are indigenous to Northern Europe. Middle Eu- 
rope has fifty-five species, or five-eighths of the whole number, while 
Southern Europe possesses only fifty-one. This shows that the family 
affects the more temperate regions. It is the only family of Orthop- 
tera in which there is a preponderance of species towards the North. 
New England, however, contrary to what we should expect from, our 
comparison of the Locustarise, is extremely rich in forms of this fam- 
ily, forty-two species being found within its limits. The other por- 
tions of America are almost equally rich. 
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The following geno^a of Orthoptera occur in New England, and are 
unrepresented in Northern and Middle Europe : Diapheromeraj Pan- 
chlora, Platamodes, Ceuthophilus, Cyrtophyllus, Microcentrum, Trago- 
cephala, and Tettigidea. Very many more, including many genera 
yet undescribed, might be added from other parts of North America, 
On the other hand, Onconotus, Orphania, Odontura, Saga, Locusta, and 
Decticus, which occur in Northern and Middle Europe, will be vainly 
sought for in New England. The genera Forficula and Stenobothrus 
are much more richly developed in Northern and Middle Europe than 
in New England. 

Going beyond the limits of New England, we shall find in Europp 
but one or two representatives of the sub-family which includes Ha- 
denoecus, or the genus of Orthoptera, found in the caverns of Austria^^^ 
and Kentucky, while America contains many genera, and very man^ 
species, especially in the genus Ceuthophilus. Conocephalus is also 
richly developed in America. I am acquainted with nearly twenty 
species, while only one species is found in Europe. Finally, oedipoda 
and the family of minute Tettigideans are much more abundant iu 
America^ and even in New England alone, than in the whole continent 
of Europe. 



3. The Embryology op Libellula (Diplax) with Notes oif 
THE Morphology op Insects and the classification op 
THE Neuroptera. By A. S. Packard, Jr., of Salem, Mass. 

This paper embraces a description of the egg and the evolution of 
the embryo, of which seven successive stages are described. 

These stages are represented by the following steps : 1°, The forma* 
tion of the anterior part of the head, the ventral wall of the thorax, 
and the formation of the mouth-parts and thoracic appendages. 

2®, The appearance of the rudiments of the eyes. The appearance 
of the abdomen. This stage is compared with the embryo of the 
spider, as worked out by Claparede, and of the crawfish, as studied by 
H. Eathke. 

3°, The differentiation of the head into the eye-bearing piece, the 
epicranium and clypeus, and the approximation of the fourth pair of 
appendages destined to form the labium. The appearance of the ru- 
diments of the anal stylets. The closure of the dorsal wall of the 

VOL. XVI. 20 
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body over the yolk mass. The three divisions of the body into 
head, thorax, and abdomen have now become distinct. 

4°, The appearance of articulations in the appendages. The labium . 
rests flat upon the under side of the body, the articulations of the 
thorax and abdomen appear, and there is a greater equality in the 
size of the three regions of the body than before. Appearance of the 
nervous ventral cord. Formation of the tracheae and alimentary canal. 

5°, Lepisma-like stage. 6°, Thickening of the abdomen. The la- 
bium is raised from the breast towards the mouth. 

T°, Description of the newly-hatched larva, and its transformations. 
General conplusions. 



4. The Insect Fauna op the Summit op Mount Washington, 
as compared with that of labrador. by a. s. packard, 
Jr., oi^Salem, Mass. 

The following notes are thrown together rather to furnish a sum- 
mary, from isjits^ only approximately correct, of our present knowledge 
of the distribution of Alpine and Arctic Lepidoptera, than to give any- 
thing like a complete account. 

The summit of Mount Washington, or that portion lying above the 
limit of trees, agrees in its climate and other physical features very 
closely with those of the coast of Northern Labrador, as observed at 
Hopedale, in latitude 55** 35'. 

The seasons correspond very exactly, as the snow melts in the early 
summer, and ice is formed early in the autumn at about the same dates. 

As is well known, the Alpine flora of the White Mountains is iden- 
tical with that of the arctic regions, which extends far southward 
along the Atlantic shore of Labrador. Not only is the flora identical 
so that no species of plant is known to be restricted exclusively to 
our Alpine summits, but the times of leafing, of flowering, and fruii>- 
ing of plants is much the same. Such was observed in the Eubus 
chamcemorus and Arenaria Greenlandica, for example. 

It is also the same apparently with the fauna. The Ghionohas semi- 
dea flies late in July and early in August, in greatest abundance, at the 
same time that its representative species swarm over the bare, rocky 
hill-tops of the Labrador coast. Their appearance heralds the close of 
summer, both on the extremfe summit^of Mount Washington and the 
exposed hills of Lacbrador. 
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Most is known of the Lepidopterous fauna of Alpine and arctic re- 
gions, both in America and Europe, and our data will be drawn from 
this group of insects. In Europe, Thunberg, Zetterstedt, Duponchel, 
Boisduval, Staudinger, and Wocke, have studied the circumpolar lepi- 
dopterous fauna ; Moschler and Christoph, Clemens and Scudder and 
the writer, have described the insects of Labrador, and Messrs. Scud- 
der, Shurtleff, and Sanborn have explored the insect fauna of Mount 
Washington, and other Alpine summits. 

According to Dr. Staudinger, out of sixteen butterflies found in Fin- 
mark, two only (JSrebia Manto and Argynnis Thore) occur in the Alps 
and also in Siberia. But two or three butterflies, among them Ghion- 
obas AellOf so far as we have been able to learn, are peculiar to the Alps. 
Of 122 species of lepidoptera inhabiting Labrador, 70 are found only in 
Labrador and Arctic America, while 43 are circumpolar, namely, occur 
on both sides of the Arctic Ocean, l>eing found in Finmark and the 
mountains of Norway ; six species inhabit the summit of Mount Wash- 
ington, and five of the whole number also inhabit the Swiss Alps. 
Two of the European Alpine species are found on Mount Washington, 
New Hampshire. The following table gives a summary of the dis- 
tribution of the species of the different families. 



DISTRIBUTION OF LABRADOR LEPIDOPTERA. 



Nambs. 


Circumpolar. 


Labrador And 

Arctic America 

^jLclusively. 


AlpB. 


Mt. Washington. 


Butterflies 

Bombycidae 

Noctuidse 

Phalaenidae 

PyralidsB . 

Tortricidae 

Tineidae . 




6 

1 
19 
10 
8 
3 
2 


8 
2 

13 

16 

10 

.14 

7 


1 
4 


1 
2 
2 

1 


Total 


43 


70 


5 


• 6 



Certain genera among insects, as among MoUusca, are almost ex- 
clusively arctic. Such are Chionobas and Anarta, which are paralleled 
by the two marine genera Astarte and Buccinum, 

Two species Lycaena Aquilo (Polyommattts Franklinii) and Cidaria 
polata, abounding in Labrador and the polar regions, have not yet been 
found on Mount Washington. This is paralleled by the occurrence 



166 B. NATURAL HISTORY. 

of certain moUusca^ e. g. Leda truncata, in the high arctic seas, which 
have hecome extinct in the seas southward, where they are now found 
fossil ; so that the distribution of the arctic insect fauna seems to he 
paralleled by that of arctic marine invertebrates. As in the tem- 
perate seas certain abysses and banks swept by the arctic currents 
are peopled by outliers of an arctic marine fauna, so the Alpine ele- 
vations or atmospherical abysses, rising out of a temperate into an 
arctic climate, seem peopled by outliers of an arctic land fauna. 
These outliers are relics of an arctic fauna, that during the early part 
of the Quaternary period, i. e. the Glacial Epoch, peopled the surface 
of the temperate zone. 

We cannot stippose a special creation of organized beings for the 
Alpine summits. Ohionohas semidea and Argynnis montinus, thus 
far only known to inhabit the summit of Mount Washington, may 
still be found northward ; or, if not, probably became extinct north, 
finally localizing themselves on the single peak where they now occur. 

On the other hand the occurrence of Ghionobas Chryxits Douhld. 
on Pike's Peak, and Ohionobas Ifevadensis Boisd- found in Kevada^ 
is in favor of those species being autochthonous, though they may yet 
be found northwards towarcfe the arctic circle. 

The Zygaenidse are represented in arctic Europe and the Alpine 
summits by Zygcend exuldns; but this is not a circumpolar or arctic 
species. No member of this family, or of the Sphingidse or uEgeri- 
adae is circUnrpolar" or found in Arctic America. 

Of the Bonibycidce but one species, Arctia Quenselii is circum- 
polar, being found in Finmiark and Labrador, and also on the Alps 
and Mount Washington. An allied form, if it be not a mere variety 
of this variable species, A, cervini Guenee, is found on the Alps. 

* Since publishing the View of the Lepidopterous Fauna of Labrador (Pro- 
creetfings Boston Soc. Nat. Hist. Jan., 1867^, I have received a valuable collection 
of arctic nK)th8 from Dr. Staudinger, which have enabled me to compare the Lab- 
rador sp6i*6s more' satisfactorily with European types. 

Anarta nigro-lunata Pack. This is identical with A. mdanopa. Two males, one 
from Labradoi- and the other from the summit of Mount Washington, New Hamp- 
shire, scarcely differ ; the latter specimen is a little larger, and the hind wings are 
A' little more dusky at base, the blackish portion partly including the discal dot, 
while the black border is a little broader than in the Labrador specimen. A fe- 
rtiale from the Swiss Alps is still more dusky on the hind wings. 

Anarta leucocycla Stand. Was found on Mount Washington in July, and is like 
specimens from Labrador and Lapland. 

Anarta bictfcla Pack, is identical with A. mdaleuca CThunberg) from Lapland. 
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Another formj Orgyia ? Bossii, is found in Arctic America and 
Labrador; Platarctia borealis occurs in Labrador, while a represen- 
tative species ^nd very closely allied, P. partlienos, is found at Lake 
Superior and the White Mountains. 

There are no autochthonous species in Northern or Alpine Europe 
that seem to offset these two species. Platarctia is a truly American 
genus, and the affinities of the genus to which Laria {Orgyia?) Ros^ 
sii belongs are as yet conjectural. 

Of the extensive family Noctuidae, there are thirty- one species found 
in Labrador. Of these, thirteen are, so far as known, only found in 
Labrador ; about nineteen are circumpolar, or found on both sides of 
the Northern Atlantic ; thirteen have thus far only been detected in 
Finmark, while four occur on the Alps. Two species have been de- 
tected on Mount Washington. 

Of the genus Anarta, twelve inhabit Labrador (this including A. lute- 
ola Grote, discovered at Quebec), twelve live in Einmark ; two species, 
A, melanopa and A, funesta, inhabit the Alps, and two also the summit 
of Mount Washington. The European Alpine species are Anarta 
melanopa and A. funestay while A, melanopa and A, lefucocycld live on 
Mount Washington ♦ A. melanopa is circumpolar an(i Alpine on both 
hemispheres, while A. funesta and A. leticocycla arie only circum- 
polar.* 

No species is known to us to be exclusively Alpine. 

Of the PhalsBnidse less is positively known, as the LabracJor spfecies 
have not been so carefully compared with those of Arctic Europe, and 
several of those described from Labrador may prove to be syiionymea 
of European forms. 



* Cidaria truncata Hufii. var. from Iceland. A specimen from Carribou Island, 
Straits of Belle Isle, belongs to this form, in which the middle of the wing is gray* 
ish, not being so dark as the more typical specimens. 

Cidaria aurata Packard. From the White Mountains and Labrador; is distinct 
from but allied closely to C. ccesiata from Lapland. 

C. abrasaria H.-S. A specimen from Carribou Island agrees weU with a speci- 
men from Iceland sent by Dr. Staudinger. 

Cidaria nigro-fasciata Packard, from Labrador, is very closely aUied to C abra- 
saria H.-S. found in Finmark and Lapland, and may prove to be a variety of it. 

Mdanippe hastata (Linn). Specimens from Lapland are not distinguishable from 
M. gotMcata Gu^n, taken in Labrador. 
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Staudinger states that of thirty species of this family found in Fin- 
mark (which is almost exactly the geographical equivalent of Labra- 
dor), three are found in the Alps, and five are polar. 

On the other hand, of twenty-six species thus far found in Labrador, 
ten are circumpolar, and two occur on Mount Washington, leaving six- 
teen indigenous to Labrador. 

Of the distribution of the remaining lepidopterous families what 
little is known is exhibited in the preceding table. 



KOTii T'o The paper of j. p. perry. 

(to be insebted is PAes 134.) 



The following brief list of primordial fossils found in Vermont will make the dis- 
cordance, to which I have alluded, evident. Omitting the Lower Taconic, and 
reading from below upward, we havfe : 



II. Poisdam Sandstone. * 



I. - 



Georgia Slate. 



Swanton Slate. 



Conoeephalites Vulcanus (B.). 

Conocephalites Adamsi (B.). 

Brachiopods, several undescrifaed species. 

Lingula, probably two species. 

Crihoids. 

Scolithus linearis (H.). 

Fucoids, described and undescribed. 

Articulates, probably two undescribed species. 

Conocephalites Teucer (B.). 

Olenellus Vermontana (H.). 

Olenellus Thompson! (H.). 

Camerella aiitiquata (B.). 

Orthisina festinata (B.). 

Orthis, undescribed. 

Obolella cingulata fB.). 

Palaeophycus congregatus (IB.). 

Palaeophycus incipiens fB. ). 

Chondrites, one or two undescribed species. 

( Articulates, one or two undescribed species. 
} Atops trilineatus fEm.). 
( Graptohtes, several species. 
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THE BURLINGTON MEETING, 1867. 



HISTORY OF THE MEETING. 

The Sixteenth Meeting of the American Association for the Ad- 
vancement of Science was held at Burlington, Vermont, commencing 
on Wednesday, August 21, and continuing to Monday Evening, Au- 
gust 26. 

Seventy-three names are registered in the book by members who 
attended this meeting. Forty-seven new members were chosen, of 
whom, however, only twelve have as yet signified their acceptance by 
paying the annual assessment, and, when practicable, signing the con- 
stitution. Seventy-five papers were presented, most of which were 
read, and some of them discussed at great length. 

The sessions of the Association were held in the City Hall and the 
adjoining Court House. At about 10 o'clock A. M. on Wednesday the 
members were called to order by the. Permanent Secretary, Joseph 
Lovering, in the absence of Ex-President Barnard, and Prof. J. S. 
Newberry was introduced as the President of the Association for the 
year. At the request of the Standing Committee, prayer was offered 
by Prof. M. H, Buckham of. the. University of Vermont. After which 
Hon. Torrey E. Wales, Mayor of the City of Burlington, welcomed the 
members of the Association, in behalf of the citizens, in the follow- 
ing words : — 
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Mb. Pbesidbnt and Gentlemen of the Amerioan Associa- 
tion FOR THE Advancement of Science : — 

It is my duty and pleasure on this occasion to welcome you to Bur- 
lington. I feel some degree of embarrassment in addressing you these 
few words of welcome, because I know so little of the history of your 
Association I have learned, however, sufficient in regard to it to con- 
vince me that it merits the sympathy and support of all good men. 

Its great aim seems to be to bring together, once in every year, the 
votaries of science in all its various departments, throughout the coun- 
try, that they may interchange thoughts and opinions, investigate and 
discuss questions of scientific interest, and by their union of effort pro- 
mote the advancement of science. 

And this we understand to be the object of the present meeting, 
and in behalf of the people of Burlington I give you a very cordial 
welcome to our city. But after the magnificent reception and enter- 
tainment which you received from the generous citizens of Buffalo last 
year, what can the people of Burlington ever hope to do in compari- 
son ? Our city is not yet three years old, and has less than ten thou- 
sand inhabitants, and possesses few of the attractive features of large 
cities. 

It is now in a condition very similar to that of the young man who 
commences life with no other capital than his good name, but with an 
inflexible determination to improve his condition. 

This is our situation, and the members of this Association, having 
assembled here, must now accept it It was rather a surprise to us 
that you selected this place for your present meeting, but we do not 
despair of the result, for we know that no place, however small, is de- 
void of interest to men of scientific culture, and that such men will 
make their meeting successful whether they receive the aid and sym- 
pathy of other men or not. ^ 

But the people of Burlington will do their whole duty upon this oc- 
casion. They will spare no pains to place at your command whatever 
they have that will contribute to your convenience or pleasure while 
you remain. I cannot promise you the sumptuous entertainment that 
you would doubtless receive in the large cities, but I can assure you 
that the hospitality of our citizens towards the members of this Asso- 
ciation will be limited only by the means at their command. And I 
can also assure you that our people are deeply interested in the sue- 
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cess of this meeting, and are heartily in sympathy with its ohject j 
and though most of them are engaged in the ordinary pursuits of life, 
they, nevertheless, appreciate the value of education, and contribute 
freely of their substance to its support, and are not unmindful of the 
presence of your learned body in our city at this time. But among 
my fellow-citizens there are those who can better appreciate the inter- 
ests of science, because they, like yourselves, pursue knowledge in the 
love of it. This occasion will be to them one of special interest, and 
they will welcome you as friends and co-laborers in the cause of truth 
and humanity. 

Men of science deserve our love and sympathy ; for they labor and 
toil, not for wealth or station, but for the cause of truth alone, and are 
deserving of the gratitude of mankind, for the unnumbered blessings 
which they have conferred upon the race. Other men may contend 
for political place and preferment, but the true philosopher seeks an- 
other and purer atmosphere. His is a life of constant study and of 
intense thought. He finds his pleasure and delight in the contempla- 
tion of those sublime truths which God has impressed on all his 
works. The star above, the blade of grass, the grain of sand upon 
the seashore, all alike furnish him subjects for earnest thought and 
meditation, which a life-time of devoted study cannot exhaust. 

And fiow, may this meeting, and all future meetings of this Asso- 
ciation, be crowned with petfect success ; and may the cause of sci- 
ence ever prosper in your hands. The people of Burlington are 
deeply indebted to you for the honor you have conferred upon them in 
this present meeting of your Venerable body, and for the happy influ- 
emces which such a meeting will exert upon this community, and they 
will ever remember the Sixteemth Annual Meeting of this Association 
with just pride and satisfaction. And may the members of this Asso- 
ciation have equal cause to rejoice over the success of this meeting ; 
and at the close of your labors here, may you carry with you to your 
homes some pleasant memories of this occasion, and of Burlington. 

This address of Mayor Wales was acknowledged by President 
Newberry, in behalf of the Members of ^he Association, substantially 
as follows : — 

I should not properly express the feelings of the members of the 
Association did I not say that they congratulated themselves upon the 
place selected for this meeting. They could not have selected a more 
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agreeable place, both from its beautiful surroundings and historic asso- 
ciations. I have no fears as to their reception ; an excess of hospi- 
tality which directs the attention of the members from the regular 
business of the meeting is out of place. I thank the citizens for their 
interest in the Association. It was determined to be useful. The 
functions of the Association are for the encouragement of learning 
which may be diffused among the people. In such a mission an insti- 
tution of this kind should be sustained. * The advance in scientific 
knowledge made in this country has been rapid, and I am confident 
our future will develop other more useful and more startling facts. 
Of all associations for this purpose, the American is the best. It is 
in fact the foundation of all. 

Modesty prevents many men from coming forward, who could con- 
tribute much to the cause of science. It is the object of this organ- 
ization to draw such out. I hope the Association will flourish and be 
of greater usefulness and importance to the country. 

The Association then proceeded to the election, by ballot, of six ad- 
ditional members of the Standing Committee, according to the require^ 
ment of Rule 6 of the Constitution. The names of those chosen are 
printed elsewhere with the names of the other members of that com- 
^ mittee. 

^ 'y The Association voted to hold its next meeting at Chicago, Illinois, 

beginning on Wednesday, August 5, 1868. The officers elected for 
the next meeting ar^ : — 

Dr. B. A. Gould, of Cambridge, President; Col. Charles Whit- 
tlesey, of Cleveland, Vice-President ; Prof. A. P. Rockwell, of 
New Haven, General Secretary ; Dr. A. L. Elwtn, of Philadelphia^ 
Treasurer, Prof. Joseph Lovering was elected Permanent Secre- 
tary for another term of two years commencing with the Chicago 
Meeting. 

Dr. B. A. Gould was appointed to deliver a eulogy on the late Prof. 
A. D. Bache at the next meeting of the Association. - 

On Thursday evening % general meeting was held in the Court 
House at which Prof. Joseph Lovering exhibited his experiments on 
the " Optical Method of Studying Sound ; " and, on Friday evening, 
a general meeting was held in the Lecture Room of the College Street 
Congregational Church, when the President, J. S. Kewberry, delivered 
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an address on " Modern Scientific Investigation, its Methods and Ten- 
dencies." 

Many of the members in attendance upon this meeting accepted 
the private hospitality, generously offered by families in the city of 
Burlington. 

On Saturday, August 24, after a short session of the Sections in the 
morning, which was continued in the evening, the members of the As- 
sociation and their ladies, accompanied by many ladies and gentlemen 
of Burlington, by invitation of the Champlain Transportation Com- 
pany^ embarked on board the beautiful Steamer Adirondack and 
visited Port Kent and the Ausable Gorge, near Keeseville. On 
their return they were bountifully entertained on board the steamer, 
while moving up and down the Lake and enjoying interesting views 
of WUlsboro^ Bay, the Islands of Les Quartre Verts, and Juniper 
Island. On Monday evening, August 26, the members of the Asso- 
ciation had an evening reception at the house of Dr. William C. 
Hickok. On Tuesday morning, after the adjournment of the Asso- 
ciation, about twenty members availed themselves of an invitation, 
which the Association had received and accepted from the Mount 
Mansfield Hotel Association, to visit Mount Mansfield. They were 
met at Stowe by Mr. W. H. H. Bingham and, under his escort, were 
conducted to the summit of the mountain, where they passed the 
night, enjoying the hospitality of the Mountain House as well as that 
of the Mansfield House at Stowe. 
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The following Resolutions offered by Prof. Alexis Caswell were, on 
his motion, referred to the Committee on Weights and Measures of 
the Association : — 

Resolved, That the Association reaffirms its earnest and cordial 
sympathy wit^ legislation tending to the adoption, as soon aa may be 
practicable, of the metrical system of weights and measures. 

Besolvedj That, whereas the gold dollar of the United States bears 
practically a simpler relation to the metrical system of weights than 
the gold monetary unit of any other country — and, whereas the 
present dollar is the unit more extensively used among commercial 
nations than any other : — therefore, in the opinion of this Associa- 
tion, it is inexpedient to disturb or change, without the most cautious 
and careful consideration, either the weight or fineness of the existing 
monetary unit of the United States^ viz. the gold dollar. 

Resolved, That copies of these Resolutions be forwarded by the 
Permanent Secretary of this Association to the Secretary of the 
Treasury, the Chairman of the Committee of Finance of the U. S. 
Senate, and to the Chairman of the Committee of Ways and Means 
of the U. S. House of Representatives. 

The following Report of the Committee on Weights and Measures 
was read : — 

The undersigned, in behalf of the Committee on Weights and 
Measures, to whom the Resolutions have been referred by tiie Asso- 
ciation, reports a cordial approval of the Resolutions. But, owing to 
the absence* of the majority of the Committee (of whose approval he 
also feels convinced), he begs leave to ask the concurrence of the 
Standing Committee, before reporting them to the Association with 
the recommendation that they be adopted. 

(Signed) B. A. Gould. 

The Standing Committee having expressed their concurrence in the 
Resolutions offered by Prof. Caswell, they were unanimously adopted 
by the Association. 

Resolved, That Dr. John Torrey be appointed to fill the vacancy 
in the Committee on Weights and Measures made by the death of 
Prof. A. D. Bache. 
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On the motion of Dr. Henry Wheatland the following Preamble 
and Resolution were adopted : — 

Whereas the cause of science and education has been largely pro- 
moted by the recent munificent endowments of George Peabody, Esq., 
who has appropiated for these purposes an amount exceeding the sum 
of four millions of dollars : — 

Besolved, That the American Association for the Advancement of 
Science cordially tender to Mr. Peabody their sincere thanks for his 
noble contributions to science, and trust that his highest expectations, 
in the bestowal of these gifts, will be fully realized, and that these ef- 
forts in behalf of human culture and progress will conduce to the in- 
creased prosperity and happiness of the American people. 

Votedy That this Eesolution be transmitted to Mr. Peabody by the 
President of the Association. 

Besolved, That Dr. B. A. Grould be invited to deliver a eulogy on 
the late Alexander D. Bache, at the next meeting of the Association. 

Besolved, That Prof. Joseph Levering be invited to exhibit at a 
quarter before eight o'clock on Thursday Evening, August 22, 1867, 
in the Court House, the apparatus shown by him in connection with 
his paper on the " Optical Method of Studying Sound." 

Besolved, That the Association accept with thanks the invitation 
presented by the Directors of the Champlain Transportation Com- 
pany to make an excursion in the Steamer Adirondack on Saturday, 
August 24, to view the Gorge of the Ausable Eiver. 

Besolved, To accept the invitation of W. H. H. Bingham, of Stowe, 
to visit Mount Mansfield and the Mansfield House at Stowe, aa lus 
guests. 
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In Section B, the following resolution, offered by Prof. 0. C. Marsh 
in behalf of the Sectional Committee, was adopted : — 

Resolved, That a commission of nine members be appointed by the 
chairinan to examine the Linnean Rules of Zoological nomenclature 
by the light of the suggestions and examples of recent writers, and to 
prepare a code of laws and recommendations, in conformity with just 
modern usage, and to be submitted to the Association for their approval 
at the next annual meeting, this commission to have authority to fill 
vacancies and to enlarge their number to twelve, if deemed desirable. 

Committee, appointed by Section B. to revise ZoSlogical Nomencla- 
ture. 

J. D. Dana, J. S. Newbebry, 

Jeffries Wyman, J. W. Dawson, 

S. F. Baibd, William Stimpson, 

Joseph Leidy, S. H. Souddeb, 

P. W. Putnam. 

, VOL. XVI. 22 
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VOTES OF THANIiS. 



Eesotvedy That to the Mayor and Common Council of Burlington, 
for their tender of rooms in the City Hall and Court House for the use 
of this meeting ; to the Trustees of the Congregational Church on 
College Street for similar kindness ; and to the President and Trustees 
of the College for their courtesy and cordiality, the thanks of this 
Association are due, and that .we accept these favors from City and 
Cliurch and School in the frank, free spirit in which they were offered, 
as a symbol of that fraternal union which exists between Virtue, Edu- 
cation, Good Government, and Science. 

Besolved, That our thanks are due, and are hereby heartily ten- 
dered to the Local Committee and to the Local Secretary, foar the ad- 
mirable arrangements they have made, which have facilitated the busi- 
ness of the Association during the present meetings. 

Resolvedj That the thanks of the American Scientific Association 
be presented to the Champlain Transportation Company for their cour- 
tesy and liberality in providing for the Association the delightful ex- 
cursion to the grand scenery c^ the Ausable, and for the bountiful col- 
lation and clmrming sail among the islands of the Lake on the steamer 
Adirondack, 

Besolvedj That the thanks of the Association be presented to the 
Directors of the Vermont Central Railroad, the Rutland and Burlington 
Eailroad, the Vermont Valley Railroad, the Rennselaer and Saratoga 
Railroad, and the Lake Champlain Transportation Company, for their 
liberality in furnishing free return tickets to those members of the 
Association who came to the meeting over these roads or by the Lake. 

Resolved, That the thanks of the Association be presented to the 
eitizens of Burlington for the generous and elegant hospitality which 
they have extended ta it& members during the session. 
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• REPORT OF THE PERMANENT SECRETARY. 

This report includes the business which relates to the interval be- 
tween the commencement of the Buffalo meeting (August 15, 1866) 
an^ that of the Burlington meeting (August 21, 1867). 

The Association now consists of five hundred and thirty-nine memr 
bers. Eighty new members were added at the Buffalo meeting, and 
one hundred and sixty-six old members were struck from the list, on 
account of three years' delinquencies in the payment of assessments, 
their aggregate indebtedness to the Association amounting to fourteen 
hundred and ninety-four dollars ($1,494). 

The financial condition" of the Association is as follows : — 

Between August 15, 1866 (the first day of the Buffalo meeting), 
and August 21, 1867 (the first day of the Burlington meeting), the 
income of the Association has amounted to one thousand and fifty-six 
doHars and seventy-seven cents ($1,056.77) of which thirty-five dollars 
and fifty cents ($35.50) came from the sale of copies of the printed 
Proceedings, and the balance from assessments. 

The expenses of the Association for the same time have been eleven 
hundred and forty-two dollars and eighty-seven cents ($1,142.87), 
which may be classified^ in general, as follows : — 

Cost of paper, printing, and binding the Buffalo volume of 
Proceedings, five hundred and thirty-four dollars and 
forty-eight cents, $534.48 

Charges connected with the Buffalo meeting, forty-five dol- 
lars, 45.00 

Charges connected with the Burlington meeting, twenty-six 

dollars, 26.00 

Salary of the Permanent Secretary, five hundred dollars, 500.00 

Postage, express charges, and other expenses, thirty-seven 

doirars and thirty-nine cents, 37.39 

The particular items may all be found in the cash account of the 
Secretary, which is herewith submitted as a part of his report. The 
balance in the hands of the Permanent Secretary August 21, 1867, 
is four hundred and twenty-two dollars and ninety cents ($422.90). 
There is no balance at present in the hands of the Treasurer. 

JOSEPH LOVERING, 

Permanent Secretary^ 
BuBLiNGTON, August 21, 1867. 
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CASH ACCOUNT OF THE 

Dr. American Association in 

Postage, $10.00 

Ripley's bill for printing circulars, - 7.00 

Sibley's bill for express charges, 2.00 

Sawin's express, 1.25 

Postage, 6.00 

Salaxy of Permanent Secretary, 500.00 

Journey to Burlington in May, 26.00 

Harris's bill as derk, 45.00 

Thirty-four Beams of Paper, 221.76 

Paper for cover to Proceedings, 6.63 

Postage, 6.00 

Fox's bill for printing, 76.07 

Fox's bill for printings . 47.10 

Assignee's biU for printings 153.60 

Abbott for binding Proceedings, 23.32 

American Academy for freight^ 5.00 

Sawin*s Express, 4.30 

Blank book for records, 1.00 

Postage^ i.94 

Discount on drafts, .90 

$1,142.87 
Balance to next account ... 422.90 



$1,565.77 
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PERMANENT SECRET AEY. Cr. 

Account with Joseph Lovering. 

Balance from last account, $66.44 

Assessments (from No. 184 to No, 420 of Cash Book) includ- 
ing the sale of Proceedings, 990.33 

Received from the< Treasurer, . . . • . . . 509.00 



$1,565.77 



EEPORT OF THE AUDITOBS. 

This certifies that we have this day examined the above account of 

the Permanent Secretary, comparing the credits with the receipt-book 

and cash account, and the debits with the several vouchers ; that we 

find the whole correct, and the sum of four hundred 'and twenty- two 

dollars and ninety cents ($422.90) credited to the next account. 

(Signed) B. A. Gould,) ^ ,. 

C.S. Lyman, H^^*^^^^- 
BuBLiNOTON, August 26, 1867. 
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List of European Institutions to which Oopies of Volume XV, of the 
Proceedings of the American Association were distributed by 
the Permanent Secretary in 1867. 

Stockholm, — Kongliga Svenska Vetenskaps Akademien. 
Copenhagen, — Kongel. danske Vidensk. Selskab. 
Moscow, — Soci^te Imperiale des Naturalistes. 
St. Petersburg, — Academie Imperiale des Sciences. 
" " Kais. E»uss. Mineralogische Gesellschaft. 

. " " Observatoire Physique Centrale de Russie. 

Pidkowa, — Observatoire Imperiale. 
Amsterdam, — Academie Royale des Sciences. 

" Genootschap Natura Artis Magistra. 

" Zoological Garden. 

Haarlem, — HoUandsche Maatschappij der Wettenschappen. 
Leyden, — Mus^e d'Histoire Naturelle.* 

Altenburg, — Naturforschende Gesellschaft. '] 

Berlin, — K. P. Akademie der Wissenschaften. • 

<< Gesellschaft fur Erdkunde. 

Bonn, — Katurhist. Verein der Preussisch. Rheinlandes, &c. 
Breslau, — K. L. C. Akademie der !N"aturforscher. 
Dresden, — K. L. C. Deutsche Akademie der Naturforscher. 
Franckfurt, — Senckenbergische Katurforschende Gesellschaft. 
Freiburg, — Koniglich-Sachsische Bergakademie. 
Gottingen, — Konigl. Gesellschaft der Wissenschaften. 
Hamburg, — Naturwissenschaftlicher Verein. 
Hannover, — Die Katurhistorische Gesellschaft. 
Leipsic, — Koniglich Sachsische Gesellschaft der Wissenschaften. 
Munich, — K. B. Akademie der Wissenschaften. 
Prag, — K. Bohm. Gesellschaft der Wissenschaften. 
StiUtgart, — Verein fur Vaterlandische Naturkunde.f 
Vienna, — K. Akademie der Wissenschaften. t 

" K. K. Geographischen Gesellschaft. 

'' Geologischen Reichsanstalt. 

* Also, Volume XIV. 

t Also, Volumes I. to IQ. and V. to IX., indusiye. 

t Also, Volume II. 
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WurtteTrdmrg, — Der Verein fiir Vaterlandische Naturkunde.* 

Basel, — Naturforschende Gesellschaft. 

JBern, — Allgeuieine Schweizerische Gesellschaft. 

" Naturforschende Gesellschaft. 

Geneve, — Societe de Physique et d'Histoire Naturelle. 
Neitchaiel, — Societe des Sciences Naturelles. 
Braxelles, — Academie Roy ale des Sciences, &c. f 

Cherbourg, — Soci^t^ Academique.f 
Dijon, — Academic des Sciences, &c. 
lAeqe, — Soci^t^ Royale des Sciences. 

lAlle, — Society Rationale des Sciences, de P Agriculture, et des Arts. 
Parisy — Institut de France. 
" Soci^t^ Philomatique. 

" Socidt^ M^t^orologique de France. 

Tririn, — Accademia Reale delle Scienzie. 
Madrid, — ^ Beal Academia de Ciencias. J 
dambridge, — - Cambridge Philosophical Society. 
Dublin, — Royal Irish Academy. 
Sdinhurghy — Royal Society. 
London^ — Board of Admiralty. 

'' East India Company. 

" Museum of Practical Geology. 

" Royal Society. 

" Royal Astronomical Society. 

" Royal Geographical Society. 

Manchester, — Literary and Philosophical Society.§ 
Batavia, — Society des Arts et des Sciences.! 

* Also Volumes I., 11., m., V., and IX. 

t Also, Volume XIV. 

X Also, Volumes I. to VL, indusiTe. 

§ Also, Volumes I. to Xm., indusiye, except IL and IV. 

H Also, Volumes I. to XIV., indusive. 
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